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ADVERTISEMENT.

This Second Division of " Chemical Recreations" is devoted to the

investigation of the Non-Metallic Elements, and it consequently em-

braces the following subjects :
—

The Chemistry of Gases and Vapours.

The Chemistry of Acid Radicals and their Salts.

The Chemistry of Plants and Animals.

The Chemistry of Air and Water.

The Chemistry of Combustion and Respiration, of Fuel and of

Food.

''

The First Division of the Work, published a few years ago, con-

tained Introductory Facts and Elementary Experiments.

The Third Division, which will complete the Work, and is nearly

ready for publication, will contain the Chemistry of the Metals—their

Earths, Alcalies, Salts, and Ores.

The present volume contains an extensive course of Class Experi-

ments, with Instructions for their successful performance, illustrated by
several hundred Engravings of the most efficient kinds of apparatus.

The great doctrines of Chemical Philosophy are fully explained in it
;

and wherever opinions are given without evidence to support them, I

have referred to those chapters in my recently-published work on the

" Radical Theory in Chemistry^^^ where the experimental evidence is

quoted fully, and the deductions from it are carefully investigated.

In composing this work I have followed the plan of giving fall

accounts of substances and theories that are important, and passing
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rapidly over things and opinions of lesser moment. If a student of

Chemistry masters, theoretically and experimentally, the great points of

the science, the subsequent working out of particular details is easy.

All the Tables in this Division have been recalculated to suit the

Table of Chemical Equivalents on the Hydrogen scale, which is given

in page 123. The Tables which were published in the First Division

have also been recalculated on the same basis, and are published in a

supplementary form. By that means the processes for Centigrade Test-

ing are all brought into harmony with the theoretical explanations that

are given throughout the work.

Scarcely a page of this volume is reprinted from the Ninth Edition

without important alterations. I mention this fact as an apology for

the time that has elapsed between the publication of the First and the

Second Divisions. I may add, as a hint to earnest students, that who-

ever undertakes, as I have undertaken in this volume, to write a system
of Chemistry from an original point of view, will find many things to

occupy his attention and consume his time.

Sydenham, December, 1859.
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PREFACE.

This work is offered as a Manual of Experimental Chemistry for the

use of beginners. The author has two classes of readers particularly in

view, namely, Students attending Lectures or Lessons on Chemistiy,

and Schoolmasters who desire to teach the Elements of Chemistry, in

Popular Lectures or Experimental Lessons. Both of these classes of

readers will find useful information in the following pages. The author

has endeavoured to elucidate most effectively those subjects which

urgently demand the notice of beginners. Thus, he has given ample

accounts of Air, Water, Earths, Acids, Useful Metals, and Common

Salts, while subjects of less importance are passed unnoticed.

The experiments selected to illustrate the subjects fixed upon are

striking and convincing, and such as can be performed with facility and

economy. The precautions necessary to insure success and safety are

detailed; and, as far as possible, the experiments are exhibited by means

of numerous figures of apparatus, many of which represent new and

simplifi[ed instruments, specially intended to aid the researches of young
chemists. This is particularly the case with apparatus adapted to

micro-chemistry, or the art of experimenting on minute quantities. But,

independently of the course of easy experiments, another series lias been

introduced, to explain the methods by which the most important facts

of the science are demonstrated with precision.

The chapters describing Elementary Experiments are written in a

peculiar style, to show in what manner the elements of practical

chemistry can be taught to large classes of students in schools. The

chapter on the
"
Qualitive Analysis of Salts

"
is a sequel to the elemen-

tary experiments. It is an Introduction to Analysis for the use of veri/



VI PREFACE.

young chemists. After mastering these chapters, the reader will easily

comprehend the use of the Tables of Tests given in subsequent chapters

of the work.

The Tables will be found to contain a mass of useful information,

conveyed, I hope, intelligibly.

The experimental portion of the work is not confined to chemical

recreations or to experiments of demonstration, but includes much

information relating to analytical processes. In particular, it embraces

an account of a new method of preparing test liquors of fixed strength*

and of applying such hquors, by means of graduated decimal measures,

to the rapid analysis of acids, alcalies, and salts. This method of

testing is equally useful to students of chemistry and to persons pro-

fessionally engaged in the chemical arts. Among the applications of

which it is susceptible, is that of determining the strength and purity

of the chemical preparations used in medicine.

The author has the pleasing task of expressing his gratitude for the

favourable reception accorded to nine preceding editions of this work ;

and, on presenting the Tenth Edition, which he has endeavoured to

render worthy of continued patronage, he indulges in the hope that it

will still be found entitled to rank with books of practical utility.

The work will be published in Three Divisions :
—

I. Elementary Experiments.—General Doctrines of the Science;

Introduction to Analysis ; Chemical Manipulation ; Centigrade

Testing; Tables.

II. The Metalloids and their Combinations with one another;

Air; Water; The Gases; The Acids. With a Summary
of Organic Chemistry.

in. The Metai^ and their Earths, Alcalies, Salts, and Ores.

London, December
^ 1833.
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INTRODUCTION.

Chemistry is the science which makes known to us the properties of

the component particles of all natui'al bodies. It treats of the various

sorts of substances, and of the exact determination of their differences.

It exhibits the means by which the component parts of compound bodies

can be separated from one another, or by which the elements of com-

pounds can be made to combine together. In fine, it shows by what
contrivances the solid particles which constitute the material substances

of the world can be most beneficially applied to the service of man.
The objects of Chemistry are inexhaustible. It imdertakes the

examination of all bodies which act upon the senses, the solid

matter of all animal, vegetable, and mineral substances. It seeks to

determine the properties of those substances, the number and proportion
of their component particles, the individual nature of those components,
and the properties of all other compounds which can be produced by
their combination. So infinitely varied are the objects of Chemistry
that it is an everlasting source of occupation and amusement ; and

while, on this account, it receives the attention of the philosopher, it

claims the notice of all men, from its utility in the arts which promote
and support the comforts and existence of civilized life.

The great importance of the science of Chemistry is rendered

evident by the following considerations :
—It is useful in explaining

natural phenomena: for in determining the constitution of the atmo-

sphere, in investigating the changes to which it is subject, the variations

B
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of temperature, the laws of winds, dew, rain, hail, and snow, Chemistry
is our only satisfactory guide. These remarkable changes in the face of

nature—changes which, because familiar, do not produce any emotion

in the mind, though in themselves truly wonderful—are chemical

operations on a magnificent scale, and can only be explained by
chemical laws.

In man's researches into the nature of the things whence he derives

the means of his comfort, his happiness, his luxuries, and even his

existence—in examining the various objects which compose the mineral,

the vegetable, and the animal kingdoms
—

Chemistry is essentially

requisite for the successful progress of his inquiries.

In considering the application of Chemistry to the improvement of

the arts of civilized life, a wide field of contemplation opens to our

view. So extensive, indeed, are its influence and importance, that, in

most of the arts, many of the processes
— in some all that are employed,

depend on chemical principles. The bare mention of some of these arts

will suggest ample illustrations of its extensive utility.

In the medical art, so great is the service of a knowledge of

Chemistry, that its practical acquisition is now universally regarded as

an essential branch of a medical education. In agriculture, recent

chemical researches have established principles that promise to be

followed by results of extraordinary benefit to mankind. In the art of

extracting metals from their ores, in purifying and combining them
with each other, and in forming instruments and metals—whether for

useful or ornamental purposes
—almost all the processes are purely

chemical. The arts of glass and porcelain making, of tanning, soap-

making, dyeing, and bleaching, depend entirely upon Chemistry ; and

all the processes in baking, brewing, and distilling, most of the culinary

arts, and many other processes in domestic economy, are chemical

operations. In short, wherever, in any of the processes of nature or of

art, the accumulation or the diminution of heat takes place
—wherever a

sensible change is to be effected by heat—wherever substances in com-

bination are to be separated
—wherever the union of simple substances

and the formation of new compounds are to be effected— the operations
and their results can only be explained on chemical principles.

From this general view of the extensive applications of chemical

science to the arts, those who have not considered the objects which it

embraces will be enabled to judge of the importance of this study.
Reasons why Chemistry should become a stated Branch of

Education.—If we consider Chemistry purely as a science, we shall

find no subject better calculated to encourage that generous love

of truth which confers dignity and superiority on those who suc-

cessfully pursue it. There is no science which holds out more in-

teresting subjects of research, and none which affords more striking

proofs of the wisdom and beneficence of the Creator of the uniN-erse.
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A machine constructed by human art, is admired in proportion to tlie

simplicity of its contrivance, to the extent of its usefulness, and to the

niceness of its adaptations. But the works of man sink into nothing
when brought into comparison with the works of nature. When we
examine the former, every step of our progress is obscured with com-

parative clumsiness and defect : in contemplating the latter, we behold

perfection rise on perfection, and more exquisite wonders still meeting
our view. It is the merit of Chemistry, that by its aid we are enabled

to take a minuter survey of the great system of the universe. And we

find, so far as our limited powers can comprehend it, that the whole is

nicely balanced and adjusted, and that all its changes tend to the most

beneficial purposes. Circumstances which, on a superficial view, were

.seeming imperfections and defects, a closer inspection points out to be

real excellencies. In all the singular and surprising changes which

everywhere present themselves, the more closely we observe and

examine them, the more do we admire the simple means by which they
are accomplished, and the intelligent design and perfect wisdom dis-

played in the beneficial ends to which they are directed.

To these considerations respecting the importance of Chemistry, we

may add another, which, at a period when this science is taking its

proper place in schools as a branch of general education, is not without

its interest. This consideration is, that Chemistry is a subject qualified

to train both the mind and the hands of young people to habits of

industry, regularity, and order. It teaches the doctrine that accurate

and extensive observation is necessary for the accumulation of facts ;

that careful and exact comparison is necessary for the reduction of these

facts to general statements ;
that logical precision is necessary in

estimating the relative value of various problematical statements on

points where positive information is wanting ; that, consequently, the

chemist must study to become capable of judging according to circum-

stantial evidence, and in that manner habituate himself to the formation

of sound opinions on all subjects that come under his cognizance. If

any one will consider the great value of a sound judgment in the

ordinary affairs of life, he cannot but appreciate the strength of this

argument in favour of a chemical education.

Again, the necessity of observing the most scrupulous and constant

regard to cleanliness in experimenting, as being indispensable to success,

liiust gradually induce habits of neatness and cleanliness even in the

most slovenly ; while the equally unavoidable necessity of carrying on

the different steps of an operation in an orderly and cautious manner,
must have a corresponding moral influence upon persons of the most

careless disposition.

Independently, therefore, of any advantages to be hoped for from the

possession of the mere facts of Chemistry, setting entirely out of view
the applications, either of the principles or the details of the science to

B 2
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the prospective commercial, or scientific, pursuits of the young student,
there is, in the mental and moral discipline which its study affords, high
inducements for making Chemistry a branch of general education.

Methods of Chemical Research.—It has been demonstrated by
the experiments of chemists, that the marvellous diversity of appearance
under which bodies are presented to the eye, and the unceasing changes
to which they are subject, are occasioned by the mutual reactions of a

small number of unchangeable elementary particles. The distinctive

properties of these particles, the nature of the phenomena which mark
their reactions, tlie methods of causing them to combine, the properties
of the resulting compounds, and the methods of decomposing these

compounds,
—

are, consequently, the objects which the chemical student

is called upon to investigate.
There are two methods of proceeding in the acquisition of chemical

knowledge; these are called analysis and synthesis. Analysis means
the art of separating the constituents of compound bodies,

—Synthesis,
the art of forming compounds, by the putting together^ or effecting the

combination, of their component particles. Both analysis and synthesis
are practically effected by the performing of certain processes or opera-
tions, thence called chemical operations.

The properties of natural bodies, whether they be simple or com-

pound, native or factitious, can never be determined d priori ; they can

be discovered only by actual trial. When an unknown substance is

presented to a chemist for examination, he submits it to certain trials,

or performs certain operations upon it. He examines, for example, the

relation of the unknown body to heat, light, water, acids, alcalies, and
other liquids. These trials have particular names given to them, for

the sake of convenience in the communication of knowledge. If a sub-

stance is exposed to a red heat, the operation is termed ignition. If

the substance mdts, the operation is termed fusion.. If the substance,
on being put into water, dissolves or disappears, the operation is termed

solution, and the resulting liquid is called a solution. If the solution

is exposed to heat so as to cause the water to rise in vapour, the opera-
tion is termed evaporation; or if the operation is so performed that

the vapour is collected and reconverted into water, the operation is

termed distillation. If, on the contrary, the solution, instead of

being exposed to evaporation, is mixed with some liquid which causes

the production of a solid substance or powder, the operation is called

precipitation ; and if means be taken to separate the solid powder
from the residual liquid, by straining through a porous substance, this

operation is termed filtration.

The performance of these operations communicates to the chemist a

certain degree of knowledge respecting the properties of the substance

operated upon. If the substance does not melt when exposed to a

strong degree of heat, it is said to be infusible. If it does not dissolve
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when placed in a liquid, it is said to be insoluble. A description of the

results of a series of such experiments, is the chemical character of the

substance. We cannot account for the properties thus found to belong
to a substance. No chemist can go farther than the ascertainment of

simple facts. The sagacity of man is insufficient to determine why a

given substance is soluble or insoluble, fusible or infusible. The nature

of the power which causes fusion or solubility is unknown. And,
indeed, this is the case with regard to all physical phenomena : the forces
which produce them are unknown to man, except hy their effects.

The more numerous the operations performed upon a substance, the

more accurate is the knowledge acquired respecting its properties : pro-
vided the operations be suitably conducted. The properties of a sub-

stance can never be wholly known. Chemists begin with a single fact;

their daily experience enlarges their knowledge : but, at the best, their

acquaintance with the properties of any one body is but limited and

imperfect. Not until a substance shall have been submitted to the

action of every other substance, and under all possible variations of

temperature, pressure, and so forth, will its properties be wholly
determined; and that will never be. The knowledge we possess

respecting the properties of known elements and their compounds, is,

notwithstanding the labours of many industrious chemists, still

extremely imperfect. No practical chemist, however young he may
be in the science, can pursue his studies with even a moderate degree of

zeal, without being enabled to add something almost daily to the existing
stock of intelligence. The variety of unrecorded facts which continually
strike the eye of an industrious experimenter, is indeed surprising.

The first business of a young chemist is to make himself acquainted
with what is already known, with what has been already determined by
the experiments of others. His next concern will be to learn something
which no one else has yet discovered.

Chemistry is a science founded so entirely upon experiment that no

person can understand it fully unless he personally performs such experi-
ments as verify its fundamental truths. The hearing of lectures, and the

reading of books, will never benefit him who attends to nothing else ;

for Chemistry can alone be studied to advantage practically. One

Experiment, well conducted, and carefully observed by the student, from
first to last, will afford more knowledge than the mere perusal of a whole
volume.

Different Classes of Experiments.— Chemical experiments may
be divided, for convenience, into three sorts; namely, Determinative,

Demonstrative, and Productive.

(a.) Determinative Experiments (Experiments o^ Research).
—If any-

body brings me a substance, and desires to know the nature of it, I

must make a determinative experiment ; in other words, I must submit
it to analysis, or determine by experiment, what it is composed of.
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Chemical analysis is of two sorts, qualitive and quantitive. A
qualitive analysis makes known the chemical nature of the constituents

of a compound, but not the. relative quantities of those constituents. A
quantitive analysis makes known botli the nature of the constituents

and the exact quantity of each by weight. Experiments of this sort are

also called experiments of research. No man can execute an analysis

without previously acquiring a considerable share of chemical information.

Before a qualitive analysis can be executed, it is necessary to become

acquainted with the properties of all the known elements and their

principal compounds, as well as with the methods of determining whether

any of them, on a certain occasion, are present or absent. The use of

chemical tests or re-agents^ depends upon the knowledge previously

acquired, that particular bodies, in particular circumstances, act in a

determinate manner. There is, for example, a liquid called oil of

vitriol. I know that other liquids which contain certain substances in

solution, upon being mixed with oil of vitriol, produce a precipitate. If,

then, upon dissolving an unknown substance in water, and mixing the

solution with oil of vitriol, I obtain no precipitate, I am certified that

the substances alluded to are not present. It is evident, that unless I

know beforehand what substances do give a precipitate with oil of vitriol,

and what substances do not, it is useless to apply the test : because,
whether I see a precipitate or not, I acquire no information. A vast

number of other substances serve, as well as oil of vitriol, the office of

chemical tests, and their employment in chemical analysis constitutes a

very important part of chemical study. In the subsequent pages, the

reader will frequently find it stated by what diversity of tests a particular

substance may be known to be present, and also for what other sub-

stances any given compound is qualified to act as a test.

In (quantitive analysis something more has to be done. Supposing
a chemist to know how to detect all the ingredients of a compound, sup-

posing that he has detected them, he has, in quantitive analysis, the

additional task of separating these ingredients from one another, of

freeing them from every possible intermixture, and of determining their

respective weights. In some cases, two substances can be separated
from each other with ease; in other cases, the separation cannot be

effected without great difficulty. The methods of separation depend
altogether upon the properties of the particular substances which are to

be separated, and can only be learned by studying those properties.
But success also depends upon the skill of the chemist in the perform-
ance of the numerous operations which occur in analysis. The fusions,

solutions, filtrations, and evaporations, require to be performed with

extreme care. If a drop of liquid falls down, or an atom of

powder is blown away, the whole experiment is spoiled, and the labour,

probably of weeks, is frastrated. To perform an analysis with accuracy

should be the object of a student's ambition ; but if he wishes to attain
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that object, he must not only industriously study the properties of

chemical bodies, but continually accustom himself to manipulation, that

he may become dexterous in the performance of those operations upon
which the success of an analysis mainly depends.

(6.) Demonstrative Experiments are of a different kind. They are

employed in the communication of chemical knowledge. When a

chemist has discovered anything new, he announces the discovery, and

describes an experiment by which the tiaith of his statement can be

proved. This is a demonstrative experiment. There are certain sub-

stances which, if heated at one end, very soon become hot at the

other end
;
these are said to be good conductors of heat. There are

other substances which, on being heated at one end, are a long time

before they become hot at the other end
;
such substances are called

had conductors of heat. In general the metals are good conductors of

heat, but the metal called platinum is a bad conductor of heat. The

proof of this is easy. You take a short wire of platinum, hold

it by the fingers at one end and place the other end in the flame

of a spirit-lamp. You find that the heat comes to the fingers very

slowly. This is a demonstrative experiment. As the students of a

science must be supposed to be quite ignorant of its facts, it is the

business of teachers to demonstrate the truth of their assertions by
experiments, and accordingly lecturers on Chemistry commonly exhibit

a great number of experiments. It would be in vain, however, to

attempt, in a class, to demonstrate everything. Want of time forbids it.

But a teacher should be careful not to state that as a chemical fact^
which is incapable of proof by a chemical experiment.

(c.) Productive Experiments.
—I have given this name to those

experiments which have for object the production of chemical substances.

The Pharmacopoeia is a collection of productive experiments, containing
instractions for preparing or producing the chemical substances employed
in medicine. It will be understood, of course, that many analytical
and demonstrative experiments are also productive experiments ; but I

understand by the latter term, those experiments only which are made
for the express purpose of producing chemical preparations in quantities
for use. Productive experiments on the small scale form an admirable

exercise for young students. The preparation of the various acids,

oxides, salts, sulphides, chlorides, iodides, <fec., is capable of furnishing
most useful information respecting the properties of those substances,
and has the further beneficial effect of habituating the student to careful

manipulation. A vast number of substances can be prepared in the

small way with great facility, with the help of glass tubes, small flasks,

capsules, glass plates, &c., in sufficient quantities to enable the operator
to ascertain their properties and reactions with other substances. A
student's spare time cannot be more agreeably or usefully occupied than

in preparing and examining compounds not previously familiar to him
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Portions of substances so prepared may be preserved in small glass
tubes closed with corks. Productive experiments in the large way are

those which produce the metals, salts, acids, alcalies, and other commo-
dities of the druggist, the drysalter, the colour-maker, &c.

Micro-Chemical Experiments.—The chemical properties of a sub-

stance characterise equally the smallest portion of that substance, or the

greatest mass. That which can be demonstrated with a pound, can

often be demonstrated with a grain. Hence, chemical experiments may
be performed, either with large portions of matter, or with small

portions ; and whether in any case a large or small portion should be

operated upon, is a thing to be determined solely by expediency. In

trade, where productive experiments are made with a view to obtain

preparations for sale, the quantities operated upon are often extremely

large, amounting to thousands of tons. In analysis, the qiiantity of a

body submitted to a test weighs sometimes but the fraction of a grain.
When a lecturer has to teach Chemistry to a large audience, he is

obliged to make his demonstrative experiments upon a large scale,

otherwise a majority of the persons present may not be able to perceive
what takes place. And whenever a theory is built upon a single experi-

ment, the lecturer should take particular care to make this experiment
in such a manner that every person present may see and comprehend
it fully ;

for if the demonstration is not made to tell, the theory sinks

unheeded, and the arguments grounded upon it are worthless. I give
this hint to the members of Mechanics' Institutions, who have lately

adopted the useful practice of lecturing to one another.

As the demonstrative experiments of the lecture-room are unavoidably

scanty and unsatisfactory, the student who desires to know somewhat
more of the science than he can learn there, must necessarily pursue his

studies in the laboratory, either at home or in public. It is indis-

pensably necessary, that he perform with his own hands the fundamental

experiments of chemistry, in the best manner that his time, his apparatus,
and his means admit. He will find it of importance, in this case, to

operate upon extremely small portions of matter ; for he will then not only
save time and money, but often be enabled to perform a successful

experiment, when, by operating upon a large mass, he would as

certainly fail. The preparation of the gases, the formation and crys-
tallisation of salts, the application of tests, and a thousand other enter-

taining and instructive experiments, can all be performed by the student,

better on a small scale than in the large way ; nay more, a student in

his closet very frequently succeeds in performing an experiment which
fails on the lecture-table of the professor ; because the hurry and

business of a lecture-room, produce unavoidable accidents. This,

therefore, is a circumstance of which the chemical student should

be prepared to take every advantage. The faculty of experimenting
with accuracy, facility, and economy, ought to be gained as s]>eedily
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as possible ;
for it is upon that faculty that the progress of the young

chemist is principally dependent.
Different sorts of Chemical Substances.—All natural bodies are

either simple or compound. Those substances are simple, which cannot,

by any known method, be separated, decomposed, or divided, in such a

manner as to produce particles ditferent in their properties from one

another, or from the original substances. On the other hand, those

substances are compound, which experiment is capable of resolving into

particles of an unlike nature. For a period of many centuries, and even

till a very late date, there were four substances held to be simple or

elementary. These were fire, air, earth, and water. Of these four

bodies, all others were supposed to be constituted, though nobody could

ever prove, or indeed ever tried to prove, that this was the case. The

system, however, continued to be orthodox until very lately, when
three of these imaginary elements, namely, air, water, and earth, were

proved to be compounds. But with respect to fire, it is still miknown
whether it be simple or compound, or in what its essence consists, or by
what causes its eliects are produced. What the ancients considered to

be simple bodies are no longer considered to be simple ;
but in place of

these substances, the chemists of modern times have elevated to the

dignity of elements a far more numerous race. No one, however, dog-

matically asserts now-a-days that the substances termed elements are

absolutely of a simple nature. The term element intimates no more
than that the body to which it is applied, has never, in the opinion of

modern chemists, been subjected to decomposition
—that it has never

been divided into particles different from one another, or from the original
substance.

Chemical Elements.—According to the present views of chemists,
there are sixty-one elements, or simple substances ; that is to say, sixty-
one substances which individually differ in properties from every other

substance, and which, by their various combinations, produce the diversi-

fied compounds that constitute the material world,—animal, vegetable,
and mineral. The names of these sixty-one elements are contained

in the following list. I have added a few notes, to give the reader an

idea of the relative importance and abundance of these elements, the state

in which they exist in nature, and their classification into such as concern

animal and vegetable substances, and such as do not. The properties of

these elements, and the experiments which serve to separate them from
other substances, and by which the separate identity of each is demon-

strated, will be described in a subsequent part of this work.

1. Oxygen.
3.

Nitrogen.
2. Hydrogen. 4. Carbon.

These four elements are of extreme importance, and exist in great
abundance. Oxygen and hydrogen are the sole constituents of Water.
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Oxygen and nitrogen are the main constituents of Atmospheric Air.

Hydrogen and nitrogen constitute Ammoxia, which is formed in large

quantities during the putrefaction and decomposition of animal and

vegetable substances, ascends into the atmosphere, and, after thunder-

storms, again falls to the earth, dissolved in rain. Oxygen and carbon
constitute Carbonic Acid, which always exists in atmospheric air. It

is from these substances that Vegetables are derived. The ammonia
and carbonic acid are carried down by rain-water into the soil, or pulve-
rulent surface of the earth. The seeds and roots of plants decompose
these compounds, and absorb their carbon, hydrogen, oxygen, and nitro-

gen ; and the power of vegetation organises and converts them into new
compounds, such as did not previously exist. These new vegetable
substances consist for the greater part of carbon, hydrogen, and oxygen,
and some of them of carbon, hydrogen, oxygen, and nitrogen. They
serve afterwards as the food of Animals, those w^hich contain nitrogen

being the most nutritious. The process of digestion converts the vegeta-
ble substances into animal substances, often with very slight change in

chemical constitution, sometimes with none at all ; the process of diges-
tion in such cases consisting of a mere solution of the substances operated

upon. When animals die, their component substances suffer decomposi-
tion, and reproduce their original constituents—water, ammonia, and
carbonic acid—oxygen, hydrogen, nitrogen, and carbon. There is a
constant circulation of the organic elements. Plants derive their means
of nutriment from the air; animals from plants; and when the animals

die, their components return to the atmosphere, to supply another

generation of plants and of animals. These are mighty and wonderful

transmutations, such as fill the mind with admiration and astonish-

ment.

The various other compounds that are produced by the combination of
these four elements with one another, are too numerous to be mentioned
in this list. I will name only a few of them :

—
Oxygen, hydrogen, and

nitrogen, produce liquid nitric acid. Oxygen, hydrogen, and carbon,

produce oxalic acid, citric acid (lemon-juice), and vinegar. Hydrogen
and carbon produce the gas that is employed in gas-lighting. Hydrogen,
nitrogen, and carbon, produce prussic acid.

Carbon is found in nature pure in the diamond; nearly pure in

graphite ; and very abundantly in combination with hydrogen as coal.

5.
—Silicon.

This element in combination with oxygen forms sand, flint, quartz,
siliceous earth—and is one of the most abundant substances in nature.

In combination with oxygen and potassium, forming silicate of potash,
it enters into the constitution of straw (wheat-straw, cane, &c.)
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6.—Aluminium.

In combination with oxygen this element forms clay, or aluminous

earth. It also forms part of many minerals, sometimes combined only
with oxygen, more frequently with the addition of silicon. Though
so useful in promoting the growth of plants, it enters but rarely and in

small proportion into their composition, and never forms a constituent of

animal substances.

7.
—Calcium.

In combination with oxygen, this element forms lime or calcareous

earth. In combination with oxygen and carbon it forms chalk, marble,

calcareous spar, and the numerous varieties of limestone. This element

enters into the composition of many plants, and of certain parts of all

animals, particularly their shells and bones.

The last three elements, in combination with oxygen, and mixed with

one another, form the main portions of all the different kinds of soils and

rocks, siliceous, aluminous, and calcareous. All other elements that occur

in soils, exist in much smaller quantities than these,, though some of

them are yet- more indispensable than they are, to promote the general

growth, or the production of particular parts, of plants,

8 .
—Chlorine.—9. Sodium.

These two elements constitute the compound called sea salt or

kitchen salt, a white substance used to season food,, to preserve animal

substances from putrefaction, and often also as a manure to promote the

growth of plants. It is the chief saline matter of sea water, and it also

exists in the state of a mineral.

The chlorine in combination with hydrogen forms muriatic acid, or

spirits of salts ;
in combination with hydrogen and nitrogen it forms the

salt called sal-ammoniac.

The sodium in combination with carbon and oxygen forms the

detergent commonly called soda,- or chemically, carbonate of soda.

Sodium exists in a great number of plants, and chloride of sodium is

found in many animal substances.

10.—Potassium.

This element is a constituent of the mineral felspar, and therefore one

of the components of the granitic rocks, which form the great mass of

the earth. It is indispensable for the growth of many plants. The
wood of all trees contains it

; and no tree can flourish in a soil which is

without potassium. When wood is bmnt, and the ashes washed, a

salt is obtained which is termed potash, or pearl ash. This consists of

potassium, oxygen, and carbon. The juice of the plant called sorrel.
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contains a salt termed oxalate of potash. This consists of potassium,

oxygen, and carbon, and hence this plant cannot grow in a soil which is

free from potassium. The stems and leaves of the graminea^ contain

silicate of potash, which consists of the elements silicon, oxygen, and

potassium. In general, soils derive this element from the decomposition
of felspar, or of other stones that contain it

; but of late, it has been

added artificially, by using as a manure the salt called nitrate of potash

(saltpetre), which is a compound of oxygen, nitrogen, and potassium.
This salt renders soils very fertile, because it adds to them two sub-

stances, both of which are highly beneficial to plants, namely, nitrogen
and potassium.

II.—Sulphur {Brimstone).

In many parts of the world, as near Paris, in Derbyshire, &c., there

are found large masses of a mineral called alabaster, gypsum, selenite,

sulphate of lime, plaster of Paris, &c. This mineral consists of oxygen,
calcium, and sulphur. The same substance is found dispersed in many
soils, dissolved in most springs, rivers, and seas, and forming a limited

part of many plants. Sulphur occurs in a free state near volcanoes,

and in combination with many metals, in the ores termed pyrites.

Thus, the very abundant golden-looking mineral called in Scotland slate

diamonds, or iron pyrites, consists of sulphur in combination with iron.

Sulphur combined with oxygen and hydrogen form the strong acid

termed oil of vitriol, or sulphuric acid. It is a constituent, in small pro-

portions, of many of those vegetable productions, which, in consequence
of their containing nitrogen, afford nutritious food, namely, the substances

called fibrin, albumen, casein, and gluten. It is very often present in

small quantities in animal substances. It is a constituent of horn and of

hair, and it is always present in eggs. The peculiar odour of rotten

eggs is due to a compound containing sulphur and hydrogen.

1 2 .
—Phosphorus.

A few minerals are found that contain a considerable quantity of this

element. Thus, phosphate of lead, found at Leadhills, contains oxygen,

phosphorus, and lead. Apatite contains oxygen, calcium, chlorine, and

phosphorus. In very many other minerals, a small proportion of this

element occurs
;
so much so, that phosphorus occurs in most soils, and,

in some state of combination, as, phosphate of lime, phosphate ot

magnesia, &c., in many vegetables. From vegetables it passes into

animals, of which probably none can live without phosphoms, since it

not only exists in their liquid or soft parts, but is indispensable for the

bones of the vertebrated animals, and the shells of the crustaceous.

The earthy matter of bones consists chiefly of the elements phosphorus,
calcium, and oxygen ;

and shells commonly contain the same elements,
with the addition of carbon. This is the reason why ground bones and
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shells form an excellent manure for soils. The odour of decaying fish is

probably due to the presence of a compound containing phosphorus.

13.
—Magnesium.

This element exists in abundance in the mineral called magnesian

limestone, pretty largely in many rarer minerals, in small quantity in a

great number of other minerals, and as a constant constituent of the

saline matter of the ocean. From these sources it finds its way into

most soils, thence, in small proportions, into many plants, and from

them into animals. It is a constituent of blood and of bones. In the

state of phosphate of magnesia and ammonia, it is found in the seeds of

the graminete ; and the potato contains a considerable quantity of phos-

phate of magnesia. It is an element, the knowledge of which is im-

portant to the agriculturist, as it appears to be often injurious to vegeta-
tion ; yet, for the reason given above, it greatly promotes the growth of

the potato plant. It is well known in medicine, for, in combination

with oxygen and sulphur, it forms the bitter purgative substance called

Epsom salt, or sulphate of magnesia, and, in combination with oxygen
alone, the earth termed magnesia.

14.
—Iron.

The most abundant and the most widely-diffused of all the metallic

substances. It occurs in combination with oxygen as ochre, ironstone,

&c.; with sulphur as pyrites ;
with carbon and oxygen as carbonate of iron,

and this in combination with clay as clay-ironstone, a mineral of great
abundance and importance in England and Scotland. It occurs, also, in

many other forms of combination, too numerous to detail. It is the

ordinary colouring matter of earths and soils. In minute quantities, it

enters into all vegetables and animals. It is a constituent of the blood.

15,
—Manganese.

This element, combined with oxygen, produces a black substance

termed peroxide of manganese, a mineral which occurs in large quantities.

Manganese forms many others minerals, and occurs in small quantities as

the colouring matter of many more. It is found in plants in very small

quantities, and but rarely in animals.

1 6.—Iodine.

Exists in sea-water, and enters into the composition of sea-weeds,

sponges, &c.

17.
—Fluorine.

Known chiefly as a component of the mineral called Fluorspar, in

which it is combined with calcium. It occurs in some other minerals,

and has been found in the bones of gmimals.
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The foregoing elements all enter into the composition of plants, and
most of them into the composition of animals. In contradistinction to the

organic elements, namely, the four elements, oxygen, hydrogen, carbon,
and nitrogen, the others, from No. 5 to No. 17, are termed the inorganic,
or mineral constituents of plants. These inorganic elements occur in

plants in very small proportions relatively to the proportions of the

organic elements ; yet they are not less essential than the latter to the

development and growth of the plants, so much so, that soils in which

particular mineral constituents do not exist, are absolutely sterile in

regard to the vegetation of plants which require these particular con-

stituents, notwithstanding the presence of any excess of organic manure.

The following elements belong exclusively to inorganic nature. They
form no part of plants or animals, nor are they useful in promoting the

growth of either class of organized bodies.

18.

19-
20.

21.

22.

28.

29.

30.

32.

33-

34-

35-

36.

37-

47-

48.

49-

50.

51-

56.

57.

58.

59-
60.

61.

Gold.

Silver.

Copper.

Lead.

Tin.

Bismuth.
Cobalt.

Nickel.

Chromium.
Palladium.
Cadmium.
Molybdexum
Uranium.
Vanadium.
Tungsten.

Cerium.
Terbium.
Erbium.
Didymium.
Lantanium.

25.
26.

23. Zinc.

24. Mercury.
Antimony.
Arsenic.

Platinum.

Tellurium.
Pelopium.
Niobium.

Tantalium.
Titanium.
Osmium.
Rhodium.
Iridium.

Ruthenium.

27-

38.

39-

40.

41-

42.

43-

44.

45-

46.

Well-known common metals,
which occur in pretty con-

siderable quantities.

Metals,—rarer, less known,
and less used than the fore-

going. Those which are most
abundant and most used are

the first seven in the list.

52.

53-

54-

55-

Thorium.
Zirconium.

Yttrium.
Glucinum.

I

Metallic bases of rare earths,
I seldom separated from vheir

]
ores, and when separated ap-

phed to no use.

Metallic bases of alcaline earths. Barium
occurs plentifully in the mineral called Heavy
Spar. It is chiefly used in chemical experi-
ments. Lithium is extremely rai'e.

Boron. The base of the boracic acid.

Selenium. Rare : resembles sulphur in many of its properties.
Bromine. Resembles chlorine in many of its properties. Is em-

ployed in the arts to a certain extent. Occurs in sea-water, and
in some salt springs.

Strontium.
Barium.
Lithium.
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The Cause of Chemical Combinatiox.—When the elementary
bodies are placed in contact under particular circumstances, they unite

or combine together, and produce compound bodies. Some combina-

tions are effected very readily, and some with great difficulty, and there

are certain elements which can scarcely by any means be made to com-

bine. The compounds produced by the combination of the elements,

possess properties very different from those of the elements of which

they are composed. The power, in virtue of which simple bodies

can combine and produce compounds, is one of which the nature is

totally unknown to man. Chemists have learned no more than that

simple bodies, or bodies supposed to be simple, DO combine ;
but WHY

they combine, or what it is which makes thesi combine, they have not

discovered.

It is sometimes stated that certain bodies combine with one another,
because they have an affinity for one another, and that these bodies

which do not combine together have no affinity for each other
;
and it is

thence argued that chemical affinity is the cause of combination.

Now, it is convenient to have a term to denote that kind of attraction

which binds together the elements of a chemical compound, as distin-

guished from that physical attraction which makes the particles of all

bodies cohere. Using the word cohesion to denote this latter quality, we

may use the word affinity to signify the former. But we must bear in

mind, that by so doing, we merely give a name to a phenomenon, not

an explanation of it.

Varieties of Compounds.—Acids, Bases, Salts, ^x. The Chemical

Elements are classed into two gi'oups, the metals and the metalloids.
The line of demarcation is not very distinct, but the following elements

are commonly called metalloids :
—

1. Oxygen.
2. Hydrogen.

3. Nitrogen.

4. Sulphur.

5. Selenium.

6. Phosphorus.

The residue of the elements belong to the group of metals.

Oxygen, in combining with another element, produces an oxide.

When this combination occurs with a metalloid, the compound is an acid;
when it occurs with a metal, it is commonly a base ; and the acids and
bases thus produced combine with one another to form salts. Thus
the salt called sulphate of soda, -is held by the prevalent theory of

chemistry to contain sulphuric acid and soda. The sulphuric acid is

composed of oxygen and sulphur (a metalloid), and the soda of oxygen
and sodium (a metal).

There is, however, another class of salts, which are produced by direct

7. Chlorine.
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combination between the metals and some of the metalloids, without the

incorporation of oxygen. Thus, kitchen salt is a compound of chlorine

and sodium ; fluorspar is a compound of calcium and chlorine
;
and iron

pyrites is a compound of iron and sulphur. The chemical names of these

compounds are chloride of sodium, fluoride of calcium, and sulphide or

iron.

The compounds produced by hydrogen are very variable in their

characters : with oxygen it forms the mild compound we call water
;

with chlorine it forms muriatic acid
;
with nitrogen it forms the alcali

ammonia ;
with oxygen and metalloids together it produces strong

acids, as nitric acid and sulphuric acid; with oxygen and metals

together it produces alcalies, as caustic potash, caustic soda, and slaked

lime. These explanations are given in a general sense. There are many
exceptions to these rales. It is impossible to describe in a few sentences

the diversified actions of the chemical elements.

The Cause of Chemical Decomposition.—When chemical com-

pounds are strongly electrified, they suffer decomposition, and the

liberated atoms of their constituents appear, partly at the positive pole,

and partly at the negative pole, of the electric apparatus. Those which

appear at the positive pole are denominated electro-negative elements,

and those which appear at the other pole, electro-positive elements. It

is found that every element is negative towards a portion of the elements,

and positive towards the rest.

The manifestation of electrical appearances at the moment when an act

of combination or decomposition is effected, throws no light upon the

nature of the force which makes the elements combine. We see

nothing more than the phenomena by which the acts of combination

and decomposition are attended.

When a number of chemical elements are set at liberty in juxtaposi-

tion, those combinations take place, which produce such compounds as

can best exist under the circumstances in which the occurrence is brought
to pass. The same elements brought together at a low temperature, at

a medium temperature, and at a high temperature, produce different

compounds, i. e,, they produce such compounds as can best exist under
the circumstances of the trial.

If a compound, consisting of a powerful electro-negative element and
of an indifferent element, i. e., of one possessing no very marked elec-

trical powers, be brought into contact with a powerful electro-positive

element, decomposition is immediately effected, and those two elements

which exhibit the antagonistic electricities most strikingly, combine, to

the exclusion of the other. The very neutral compound produced

by the combination of an electro-positive with an electro-negative element,
can better exist in presence of an indifferent element, than the semi-

neutral compound composed of an indifferent in combination with an

electro'negativey can exist in presence of an electro-positive. In tlie one
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case, the electrical power is partially at rest
;

in the other, its dispersive

influence is in full operation.
When compounds are placed in juxtaposition, in a state fitted for

chemical action, as, for example, in solution of water, they are observed

to decompose each other, provided that, by doing so, they can give

origin to other compounds, more capable than the original compounds
of emerging from the sphere of each other's action

; otherwise, they
do not decompose each other. If, for example, we put together two

soluble salts, of such a nature as to give rise, by an interchange of their

antagonistic electrical elements, that is to say, of their acids and bases,

to two other salts of the same degree of solubility, then no decomposi-
tion takes place. But if, on the other hand, we place together two

salts of such a nature, that the interchange of their antagonistic electrical

elements can produce a salt of less solubility than the original salts, then

decomposition is effected,
—let the insolubility of the new salt result

from its tendency to assume either the solid form or the gaseous.
Hence we draw a rule useful in practice :

— Two saline compounds in

solution being given, if the base of the one can prodiice, with the add of
the other, a compound insoluble in the water of the given solutions, then,

upon mixing the solutions, precipitation will occur.

For example, the compound called sulphate of barytes is insoluble in

aqueous solutions of the sulphates and chlorides. If, therefore, we mix
a solution of chloride of barium with a solution of sulphate of soda, the

sulphur and oxygen of the latter combine with the barium of the former,

and precipitate in the state of sulphate of barytes
—

leaving chloride of
sodium in the supernatant solution.

A mixture of borate of soda and sulphuric acid produces, at a red

heat, borate of soda and sulphuric acid
;
but at the heat of boiling water

and in solution it produces sulphate of soda and boracic acid. In the first

case, the sulphuric acid separates by volatilization ; in the second case,

the boracic acid separates by precipitation. Thus the proximate consti-

tuents afforded by the decomposition of compounds are different under

different circumstances of decomposition. If the two original compounds,
and the two compounds capable of being produced by the interchange
of their antagonistic electric elements, were all equally fixed in the fire,

and equally soluble in water, there would be no decomposition.
Vain, therefore, is the attempt to elTect double decomposition, ex-

cepting where it can produce new compounds, self-empowered to get

readily out of each other's vicinity ;
but when this is provided for,

decompositions are readily and constantly effected. Whenever we
desire to know, whether or not there will be a precipitate produced
when two given saline solutions are mixed together, we do not require
to look at what have been termed tables of affinity, we only need to

examine whether the two given soluble salts can, by exchanging their

acids and bases, produce an insoluble salt. If they can, then there will

certainly be a precipitate produced when the solutions are mixed together.
C
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CHEMICAL EQUIVALENTS.
The following Table exhibits the chemical equivalents or combining
proportions of all the Elementary Substances and of many important

compounds, with the arrangement of symbohc formulae which indicate

the presumed composition of the compounds. The theory of chemical

combination will be examined in a subsequent section, in which also the

laws respecting symbols and formulae will be explained. In the mean-

time, this table is given to supply the reader with a mass of usefol

facts, to which it will frequently be necessary to refer.

In making Experiments with the substances named in this table,

those proportions are to be taken by weight which are quoted in this

table
; attention being duly paid to those compounds in which elements

occur in double equivalents, and which possess a twofold power of

saturation. Thus, one equivalent of caustic potash KHO, weighing 56,
neutralises one equivalent of hydrochloric acid HCl, weighing 36*5,

producing one equivalent of chloride of potassium KCl, weighing 74*5,
and one of water H,HO, weighing 18. But one equivalent of car-

bonate of potash KKCO^ weighing 138, neutralises two equivalents of

hydrochloric acid HCl+HCl, weighing 73, and produces two equivalents
of chloride of potassium KCl+KCl, weighing 149, one equivalent of

water HHO, weighing 18, and one equivalent of carbonic acid, weigh-

ing 44. The carbonates all possess this double saturating power, and
are said to be Bihasic.

The weights, given in the table, are all relative one to another.

They may be grains, or pounds, or tons. What absolute quantities of

substances are to be used in any given operation, depends upon the

object for which the operation is performed. In another section of this

work, where I describe the preparation of Equivalent Test Liquors, it

is recommended that when the Equivalent of any substance is taken in

English Grains, it shall be called a Test Atom. By this means, the

relative quantities which are represented by the numbers in the table,

are, for experimental purposes, converted into absolute quantities.
The names that are given in the following list are, generally, those

by which the respective substances are usually designated; but the

formulae which represent their composition are written in accordance

with the "Radical Theory," which theory is developed in a subse-

quent section. It follows, as a consequence of the transitional state in

which theoretical chemistry is now placed, that these names and for-

mulae sometimes convey different theoretical opinions.
The reconcilement of these difierences will be attempted in subse-

quent discussions on special points of theory.
The Formulce and Equivalents of Gaseous Substances are given in

the Table at page 141.
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Acetic Acid H,C^H30^ 60—
Anhydrous C^H^C^H^O^ 102

Acetone CH^C2H30 58
Acetyl •. . . C^H' 27
Aconyl C^H 25
Acryl Cm^ 39
AdipicAcid H,C5H+02 73
Adipyl C^R^ 40
Alcohol HjC^H^O 46
Aldehyde H,C^H^O 44
Alumina AlcAlcO 34—

Tersulphate AlcSO^ 57
Aluminic radical Ale 9
Aluminous radical . . . . Al 13
Alum, Ammonia, cryst. . . ]S[H'^,SO^+ 3AlcSO-4-Aq'* 453
Alum, Potash, cn/s^. . . . KSO2+ 3AICSO2+ Aq'^ 474
Amidogen NH^ 16
Ammonia NH^H 17— Carbonate (m solutim) . . NH^NH4;C03 96

Bicarbonate .... H,NH+;C05 79
Sesquicarbonate (m sol.) (H,NH4;CO0'+NHSNH4;CO^ 254,—

Hydrochlorate .... NH^H+HC1 53—
Molybdate NH^MoO^ 98— Nitrate ...... NH^NO^ 80,— Oxalate NH^CO^ 62—
Sulphate NH4,S0^ 66—
Soda-Phosphate .... NHSNa,H;PO+-|-Aq+ 209

Ammonium NH-^ 18— Chloride NHSCl 53— Iodide NHSI 145—
Sulphide NHSS 34

Bisulphide .... H,NH4;S^ 51
Amyl (Salts of, see page 142) C^H" 71
Anilin NH,C^H5;H 93
Antimony = Sb (Stibous), and Sbc (Stibic), radicals.

Stibic radical Sbc 40— Teroxide SbcSbcO 96—
Hydride (Antimoniuretted Hydrogen) HSbc 41— Terchloride SbcCl 75—
Tersulphide SbcS 56— Antimoniate Sbc^SbO+ 304— Tartrate Sbc^C^H20+ 210— Potash-Tartrate .... K,C^H^-OJ-j-Sbc5,C^H20^ 323

Stibous radical Sb 120— Pentachloride .... SbCP,Cl 297
C 2
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Stibous (Antimonic) Acid . HSbO* 169.

Anhydrous .... Sb,Sb05 320.—
Pentasulphide .... SbS4,S 200.

Arsenic radical Asc •

25.— Oxide (White Oxide) . . Asc,AscO 66.
—- Terchloride AscCl 60.5— Teriodide AscI 152.—

Tersulphide (Oi*piment) . AscS 41 .—
Hydride (Arseniuretted Hydrogen) HAsc 26.

Arsenous radical .... As 75.— Oxide (Suboxide) . . . As,AsO 166.
— Arsenic Acid, Monobasic . H,A80^ 124.

Bibasic HSAs^O'^ 266.

Terbasic H5,As04 142.

Anhydrous .... As,As05 230.—
Bisulphide (Realgar) . . AsS^ 107.—
Pentasulphide .... AsS'^,S 155.— Arsenious Acid, Monobasic H,AsO^ 108.

Bibasic HSAs^OJ 234.
Terbasic H^AsO' T26.

Anhydrous .... As,AsO^ 98.
Barium Ba 68.5— Protoxide BaBaO 153.— Peroxide BaO 84.5— Chloride ...... BaCl 104.

cryst BaCl-f-Aq I22.
— Silico-Fluoride .... BaSi^F* 139.5—

Sulphide BaS 84. 5

Barytes BaBaO 153.

—Hydrate BaHO 85.5
^.

cryst BaH04-Aq'^ 157-5— Acetate, crys# Ba,C^H?0^+iMq i 54- 5— Carbonate Ba,Ba;C05 197.— Chromate BaCrO^ 127.5— Nitrate BaNO^ 130.5— Sulphate BaSO^ 116. 5

Benzole H,C^H5 78.
Benzyl C'H5 89.— Benzoic Acid H,C'H50^ 122.

Anhydride .... C'H5,C'H50^ 226.

— Oil of Bitter Almonds . . H,C'?H50 106.

Bismuthous radical . . . . Bi 210.
— Bismuthic Acid . . . . H,BiO' 259.

Anhydride .... Bi,Bi05 500.— Bisulphide
BiS^ 242.
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Bisnnithous Oxychloride . . BiClO 261

Bismuthic radical .... Bic 70.— Oxide BicBicO 156.— Terchloride BicCl 105— Teriodide Bid 1 97— Nitrate Bic^NO^ 288,

Ternitrate .... BicNO^ 132—
Tersulphide BicS 86,

Bleaching Powder .... CaCl,HO+CaHO 109
Boracic Acid HBO 20,—

Anhydride BBO 23
Boron B 3— Chloride BCl 39,— Fluoride BF 22

Bromic Acid HBrO' 129,

Bromhydric Acid .... HBr 81

Bromine Br 80.

Butyl C+H9 57,

Batylic Alcohol H,C4H90 74
Butyryl C^H' 55
ButvricAcid H,C'^H'0^ 88—

Anhydride C-^H^C^H'O^ 158,
Cadmium Cd 56,— Oxide Cd,CdO 128,— Bromide CdBr 136,— Nitrate Cd,N05 118—

Sulphate, cryst Cd,SO'+ Aq^ 140.—
Sulphide CdS 72.

Calcium Ca 20.— Oxide (Quick-lime) . . . Ca,CaO 56,—
Hydrated Oxide . . . . Ca,HO 37— Chloride CaCl 55,

cryst CaCl+ Aq5 109— Fluoride CaF 39.—
Sulphide CaS 36,

Caproyl C^H" 83
CaproicAcid H,C6H"0^ 116.

Capryl C^H^^ m
CaprylicAcid H,C8H^502 144,
Carbon C 12

Carbonic Acid CO^ 44 ,

Carbonic Oxide CO 28,

Carbon, Sulphide .... CS^ 76,
Cerous radical, Ce, 46. Ceric radical, Cec 30.

Cerotyl C^'H53 ^^^
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Cerotic Acid H^Cm^^O'^ 410.
Ceryl 0^71155 3-7^,

Cetyl C^^Hjj 225
Chlorine CI 35
Chloric Acid HCIOJ 84.

Chlorhydric Acid . . . . HCl 36.
Chloroform H,CCP 119
Chromous radical . . . . Cr 27— Chromic Acid (m so?wfton). HCrO^ 60.

Anhydride .... Cr,CrO' 102—
Oxychloride CrClO 78,

Chromic radical Crc 18,—
Sesquioxide CrcCrcO 52

CinnamicAcid H,C'^H'02 148,

Cinnamyl C^H' 115
Citric Acid

(tribasic) . . . HHH;C^H50"' 192
commercial crystals , . HHH;C^H50'4-Aq 210.— as a triple acid .... H,C^H?03 + 2(H,C2HO^) 192

Cobaltous radical .... Co 29— Oxide Co,CoO 75
Cobaltic radical Coc 1 9 .— Oxide (Sesquioxide) . . Coc,CocO 55

Copper = Cu (Cuprous), and Cue (Cupric), radicals.

Cuprous radical Cu 63— Oxide (Red Oxide) . . . Cu,CuO 143— Chloride (Protochloride) . CuCl 99.—
Sulphide CuS 79,

Cupric radical Cue 31— Oxide (Black Oxide) . . Cuc,CucO 79 .— Acetate, crys^ Cuc,C^H^O'+Mq 99-— Chloride (Perchloride) . . CucCl 67— Nitrate CucNO^ 93—
Sulphate, c>^5i .... CucS0^+ 2^Aq 124.—
Sulphide CucS 47

Cumenyl C^H" 119.
CuminicAcid H,C^°H"0^ 164.

Cumyl C^°H" 131
Cyanic Acid H,CNO 43
Cyanogen CN or Cy 26.

Cyanhydric Acid .... H,CN 27

Didymium D 48,
Ether (Sulphm-ic) .... C^H5,C^H50 74.

Ethyl (Salts of, see page 145) C-H? 29,
Fluorine F 19,

Formyl CH 13
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Formyl, Formic Acid . . . H,CH02 46.—
Pvrogallic Acid .... CH,CHO 42 .

Gallic Acid, cn/s^. . H^C'H506 = H,C^H30^+ 2H,C2HO^? 188.

Glucinum G 4.7
Glucina G,GO 25.4—

Sulphate GSO^ 52.7
Glyceiine (tribasic) , . . . HHH,C^H50^ 92.

Glycyh C^H5 41.
Gold = Au (Aurous), and Auc (Auric), radicals.

Aurous radical Au I9^'5— Chloride AuCl 232.
Auric radical Auc ^5*5— Chloride AucCl 1 01.— Sodium-Chloride . . . NaAuc^CH 3^1-5
Grape Sugar CH^O 30.
Heptvl . C'H^5 99.
Hexyl C^H^^ 85.

Hydriodic Acid HI 128.

Hydrobromic Acid .... HBr 81.

Hydrochloric Acid .... HCl 36. 5

Hydrocyanic Acid .... H,CN 27 .

Hydrofluoric Acid .... HF 20.

Hydrofluosilicic Acid . . . HSi^F* 72.
Hydrosulphuric Acid . . . HS 1 7 .

Hydrogen H I .— Oxide (Peroxide) . . . HO 1 7 .— Binoxide (Ozone) . . . HO^ 3 3 .

Indigo Blue NH%CSH30 131.— White NH^C^H^O+NH^C^H^O 264.—
Sulphate NH,C8HJ;S0^+HS0^ 211.

Indyl Cm^ 99.
Iodic Acid HIO' 176.
Iodine I 127.
Iridous radical, Ir, 99. Iridic radical, Ire 66.
Iron = Fe (Ferrosum), and Fee (Ferricum^.
Ferrous radical Fe 28.— Oxide (Protoxide) . . . Fe,reO 72.— Carbonate FeFe,CO^ Il5.— Chloride FeCl 63.5— Iodide Fel 155.—

Sulphate FeSO^ 76.
crt/st FeS02+ 3^Aq 139.—

Ammonium-Sulphate . . FeSO%NH4S02+ Aq^ 196.—
Sulphide FeS 44.

Bisulphide .... FeS^ 60.
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Ferrous Feme Oxide . . . FeFec^O^ ii6.
Ferric radical . . . c . . Fee 18.66— Acetate Fec,C2H^02 77.66— Oxide (Sesquioxide). . . Fec,FecO 53*33— Chloride ...... FecCl 54.16

cryst FecCl+Aq^ 90.16—
Sulphate FecSO^ 66.66—
Ammonium-Sulphate . . FecS0%NH^S02-fAq 150.66—
Sulphide FecS 34 -^^— Acid H,Fec50^ 121.

Lactic Acid H,C^H50^ go.
Lantanum La 46.

Lauryl C"H^^^ 167.
Laurie Acid H,C"H250^ 200.
Lead Fb 103.5— Yellow Oxide (Litharge) . Pb,PbO 223.— Red Oxide Pb^O^ 342.5—

Orange Oxide .... Pb^O^ 462 .— Brown Oxide PbO 1^9-5— Acetate Pb,C2H^02 162.5
cryst Pb/J^H^O^+iiAq 189.5— Carbonate PbPb,C05 267 .

Basic (White Lead) . HPb3,C04 387.5— Chloride PbCl 139.— Chromate PbCiO^ 1 62 . 5— Fluoride PbF 122.5— Iodide Pbl 230*5— Nitrate PblsO^ 165.5— Oxalate PbCO^ 147.5—
Sulphate PbSO^ 15 1.5—
Sulphide PbS 11 9. 5

Lime (Calcium Oxide) . . . Ca,CaO 56.—
Hydrate (Slaked Lime) . CaHO 37 .—
Acetoite, anhydrous . . . Ca,C-H'0^ 79.— Carbonate CaCa,C03 100.— Chloride CaCl.HO+CaHO 109.5— Citrate, anhydrous . . . Ca^;C^H50''? 249.—
Nitrate, crys^. ..... Ca,N05+Aq2 118.— Oxalate, anhydrous . . . CaCO^ 64.

'

cryst CaC0^4-Aq 82.—
Phosphate Ca^P^O' 254.

cryst CaSP^O'+Aq^ 326.
Bone-earth .... Ca^PO-^ 155.—

Sulphate Ca,S02 68.
—

Sulphate, crys^. (Gypsum) . Ca,S0^4-Aq 86.
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Lithia L,LO 29.
Lithium L 6.5
Magnesia {calcined) .... Mg,MgO 40.— Carbonate MgMg,C05 84.—

Phosphate Mg^P^O' 222.—
Sulphate MgSO^ 60.

d-yst MgS024-3Mq 123.

Magnesium Mg 12.— Chloride MgCl 47.5
MaleicAcid H,C2H0' 58.

Maleyl C^H 25.
Mq\ic Acxdi (hibasic) . . . H^C^H^O^ 134.— as a double acid . . . . ^-U^C'U^O^-^B^CmO^ 134.

Manganous radical . . . . Mn 27.5— Oxide (Protoxide) . . . MnMnO 71.

(Peroxide) .... MnO 43 . >— Chloride MnCl 63.—
Manganic Acid .... HMnO^ 60.5—
Sulphate, c?y9f. . . . MnS0'-|-3Mq 13^-5

Manganic radical .... Mnc ^^-33— Oxide (Sesquioxide). . . MncMncO 52.66— Red Oxide MnMnc^O^ ii4-5
Manganite .... HMnc^O^ 88.— Chloride MncCl 53.83—

Permanganic Acid . . . HMnc^O* I20.

Margaryl C^'H" 237.
Margaric Acid H.C^m^^O- 270.
Marsh Gas CH3,H 16.

Mercaptan H,C^H5;S2 62.

Mercury = Hg (Mercurous), and Hgc (Mercuric), radicals.

Mercurous radical .... Hg 200.— Oxide (Black Oxide) . . Pig,HgO 416.— Bromide HgBr 280.— Chloride (Calomel) . . . HgCl 235.5— Chromate HgCrO^ 259.— Iodide (Yellow) .... Hgl 327 .—
Nitrate, crysf HgN05 4-Aq 280.

Basic 2HaN05+HgH'0^ 759.—
Sulphate HgSO' 248 .—
Sulphide HgS 216.

Mercuric radical Hgc 100.— Oxide (Red Oxide) . . . HgcHgcO 216.— Bromide HgcBr 180.— Chloride (Sublimate) . . HgcCl 135-5
White Precipitate . . NH2Hgc^Cl 251.5
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Mercuric Cyanide .... HgcCN . 126.— Iodide (Red) Hgcl 227.— Nitrate HgcNO^ 162.—
Persulphate HgcSO^ 148.—
Sulphide HgcS 116.

Methyl (Salts of, see page 1 47 ) CH* 1 5 .

Melissic Acid H,CJ°H590^ 452.
Melissyl 0°R59 41 g.

Molybdous radical .... Mo 48 .—
Molybdic Acid .... HMoO^ 8 1 .

Anhydrous .... Mo,MoO^ 144.—
Sulphide MoS^ 80.— Oxy chloride MoClO 99.5

Molybdic radical Moc 16.—
Sulphide MocS 32.

Mineral Chameleon .... KMnc^O* 158.
Muriatic Acid HCl 36.5
Myricyl C^°H^' 421.— Palmitate O^R^^Cm^'O' 676.
Naphtyl C^°H' 127.
Niccolous radical Ni 29.5— Oxide (Protoxide) . . . Ni,NiO 75.
Niccolic radical Nic 1 9 . 65— Oxide (Sesquioxide). . . NicNicO 55*33
Nitric Acid H,NO^ 63.—

Anhydride N,N05 108.
Nitrous Acid H,NO^ 47 .—

Anhydride N,NO^ 76.
Nitrogen N 14,— Protoxide N,NO 44.— Deutoxide NO 30.— Peroxide NOO 46.
Octyl C^H^' 113.— Acetate C^H^^C^RJO^ 172.
(Enanthyl C'H^3 ^^ ^

(Enanthyhc Acid H^C^R^^O^ 1 30.
defiant' Gas CH^ 14.
Oleic Acid H,C^8H3302 28/.

Oleyl Cmi' 249.
Osmous radical, Os, 99.5 Osmic radical, Osc ^^'33
Oxahc Acid, effloresced . . . H,CO^ 45 .—

aystallised H,C0^4-Aq 63.
Oxygen O 16.

Ozone HO^ 33.
Palladous radical, Pd, 53.2 Palladic radical, Pdc 26.6
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Palmityl C^^jjji 223.
Palmitic Acid H,C^6HJ^0^ 256.
Palmitone Om^^C^m^'O 450.
Phenyl C^H5 77.— Hydride (Benzole) . . . C'R^^B. 78.
Phosgene Gas CC1,C10 99.
PhtalicAcid H,C4H^0^ 83.

Phtalyl C^H^ 50.

Phosphorus P 31.

Phosphoric Acid, monobasic . H,PO' 80 .

bibasic H^P^O' 178.
tribasic H',?^^ 98.

anhydride P,P05 1 42 .

Phosphuretted Hydrogen . . PH' or PH%H 34.
Platinous radical Pt 99 .— Chloride PtCl 134.5
Platinic radical Ptc 49 . 5— Chloride PtcCl 85.— Amraonio-Chloride . . . NH'^,C1+ 2PtcCl 223.5— Potassio-Chloride . . . KCl-|-2PtcCl 244.5— Sodio-Chloride .... NaC]+ 2PtcCl 228.5
Potash, Anhydrous .... KKO 94.—

Hydrate KHO 56.— Acetate K,C^HJO^ 98.— Antimoniate KSbO^ 207 .— Arseniate H^I^AsO^ 180.— Arsenite KAsO^ 146.— Carbonate KK,C05 138.
Bicarbonate, cryst. . . HK,CO* 100.— Chlorate KCIO? 122.5
Perchlorate .... KCIO^ 138.5— Chromate, Red .... 2KCr02+CrCrO^ 298.
Yellow KCrO^ 98.— lodate KIO' 214.— Manganate KMnO^ 98 . 5

Permanganate . . . KMnc'O'^ 158.— Nitrate KNO^ loi .— Oxalate KCO^ 83.
Binoxalate .... KCO%HCO^+Aq 146.— — Quadroxalate.... KCO^+ 3HC0^ 218.— Prussiate, Red .... KCv+ FecCy 109.66
Yellow 2KCy+FeCy 184.

cryst 2KCy+FeCy+i^-Aq 211.—
Sulphate KSO^ 87.

Bisulphate .... KSO^+HSO^ 136.
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Potash, Hyposulphite . . . KSO+ HSO 104.— Tartrate K.C^H^O^ 113.
Bitartrate K,Cm'0^-\-'H,Cm'Oi 188.
Soda-Tartrate . . . K,C^tP0^4-Na,C2H^O'+ Aq+282.

Potassium K 39.
•— Bromide KBr 119.— Chloride KCl 74.5—

Cyanide K,CN 65.
Sulpho-Cyanide . . . K,CN;S2 97 .—

Ferridcyanide .... KCy4FecCy 109.66—
Ferrocyanide KCy,KCy+ FeCy 184.

cri/st KCy,KCy,FeCv+iMq 211.— Fluoride KF
"

58.— Fluo-Silicide KSi^F^ 1 10.— Iodide KI 166.—
Sulphide KS 55.

Pentasulphide . . . KS^S 119.
Propionic Acid H,C5H50* 74.
Propionyl C^H5 41 .

Propyl C^H' 43.
Propylic Alcohol .... H,CJH'0 60.
Prussic Acid H,CN 27 .

Prussian Blue FecCy,FecCy,FeCy 143-33— Turnbull's FecCy,FeCy 98.66
Pyrogallic Acid CH,CHO 42 .

Rhodous radical, Rh, 52. Rhodic radical, Rhc 34.66
Ruthous radical, Ru, 52. Ruthic radical, Rue 34.66
Rutic Acid H,C^°H^902 1^2.

Rutyl C^°H^9 13^,
Salicylic Acid H^C'H40J 138.
Salicvlous Acid B,Cm^O^ 122.

Salicyl C'H^ 88.
Sebacic Acid H,OB.W loi .

Sebamyl OR^ 68.
Selenium Se 40.
Sihca (Silicic Acid) . . . . SiSiO 30.
Sihcon Si 7 .— Chloride SiCl 42.5— Fluoride SiF 26.
Silver Ag 108,— Oxide Ag,AgO 232.

Peroxide AgO 124.— Arseniate (terbasic) . . . Ag^AsO'^ 463 .— Bromide AgBr 188.— Chlorate AgClO^ 19 1.5
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Silver, Chloride ..... AgCl 143-5—
Cyanide AgCy 134.— Fluoride AgF 127.— Iodide Agl 235.— Nitrate AgNO^ 170.—
Phosphate (terbasic) . . Ag^PO-^ 419.

(hihasic) Ag^P^C 606.—
Sulphate AgSO^ 156.—
Sulphide AgS 124.

Soda, Anhydrous .... Na,NaO 62.—
Hydrate NallO 40.— Acetate, cr3/s^ Na,C^H^0^4-Aq' 136.— Arsenite NaAsO^* 130.— Borate, Anhydrous . . . Na^rV20'? = 2NaBO+5BBO 200.

cryst NaBO-!-5HBO+2iAq 190.— Carbonate NaNa,C05 106.

cryst NaKa,C05+Aq^° 286.
Bicarbonate .... NaH,C05 84.— Nitrate NaNO^ 85.— Phosphate HNa^PO'^ 142.
cryst HNV,PO+-f Aq". 358.

, Pyrophosphate . . . Na^P20' 266.

cryst NV,P^07+Aq^° 446.—
Sulphate NaSO^ 71.

ci-yst NaS02+Aq5 161.

Bisulphate .... NaSO^+HSO^ 120.—
Hyposulphite, crys^. . . NaS04-HSO+Aq2 124.— Tartrate ...... Na,C2H203 97 .

Sodium Na 23.— Protoxide Na,NaO 62 .— Chloride NaCl 58.5— Fluoride NaF 42 .— Fluo-Silicide NaSi^F^ 94.— Iodide Nal 150.—
Sulphide NaS 39.

Strontian Sr,SrO 104.— Carbonate Sr^CO? 148.— Nitrate, cr^/sf SrN0^-{-2^Aq 151.—
Sulphate SrSO^ 92 .

Strontium Sr 44.— Chloride, cn/s^ SrCl+Aq' I33»5
Stearic Acid H,C^«H3^0^ 284,
Stearyl C^^H?^ 251.
Suberic Acid H,C^H^O^ 87.
Suberyl C^H^ 54.
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Succinic Acid, cri/st . . . H,C2IP0^ 59
suUimed 2(H,C^H^O0+C^H%C^H^O3 218— Anhydride C^H%C^H^O* 100

Succinyl C^H^ 26

Sulphur S 16

Sulphuretted Hydrogen . . HS 1 7

Sulphuric Acid HSO^ 49—
Anhydride 8,80^ 80

Sulphurous Acid .... SO 32

Tartryl C^H^ 26
Tartaric Acid (mono&asic), cr^5f. HjC^H^O^ 75

(terhasic) HJ,C2H20'^ 93—
Anhydride C^H^C^H^QJ 132

Tellurous radical, Te, 64. Telluric radical. Tec 32
Telluretted Hydrogen . . . HTe 65
Thorinum Th 59
Tin,— Stannous radical . . . Sn 59— Stannic radical .... Snc 29
Stannous Oxide SnSnO 134— Chloride, cryst SnCl-}-Aq. II2

Ammonium-Chloride . SnCl,NH^Cl+ :^Aq 157— Sulphide SnS 75
Stannic Oxide SncSncO 75— Chloride SncCl 65—

Sulphide SncS 45
Titanium Ti 12

Tungsten (Wolfram) . . . W 92

TungsticAcid HWO^ 125—
Anhydride 'W,WO^ 232

Urea NHSCyO 60
Vnc Add, crystallised . . . C^H^N^O^+Aq? 186
Uranous radical, U, 60 . Uranic radical, Uc 40
Vanadous radical, V, 68.4 Vanadic radical, Vc 22

Valerianic Acid HjC^H^O^ 102

Valeryl C^H^ 69
Vinjl {Olefiant gas) . . . CH^ 14
Water H,HO 18

Zinc Zn 32— Oxide ZnZnO 81— Carbonate (precipitated) . Zn^CO^-f 3ZnH0 274— Chloride ZnCl 68—
Sulphate, cryst ZnS0^+3Mq 143—
Sulphide ZnS 48

Zirconia ZrZrO 60
Zirconium Zr 22
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ELEMENTAKY EXPERIMENTS.

The object of this set of Elementary Experiments is to render the

student famihar with some of the more important chemical operations,
without a knowledge of which he cannot proceed a step in safety.

Being only introductory to the extended systematic course of experiments,
their subjects are very simple. I have endeavoured to render them as

easy of performance as possible ;
and I believe that, if the instructions

are strictly followed, the student will meet with few difficulties.

The experiments are so contrived that they can be performed, either

by a single student, or by a considerable number at the same time,

working according to dictation. I make this remark to account for the

precision of the details that are given under some heads, and the pecu-

liarity of the style.

ALTERATION OF VEGETABLE COLOURS BY ACIDS AND ALCALIES,

a. Action of Nitric Acid on Blue Litmus.

Half fill a conical test glass with water.

Add to it three drops of diluted nitric acid.

Stir the mixture with a glass rod.

Dip into it a slip of blue litmus test paper.
Observe that the blue colour changes to red.

Put the stirrer to your tongue and taste the mixture.

You will find it to have a sour or acid taste.
^

L^

a

* The test glass that is best

adapted for these experiments, is of

a conical shape with a lip.
It is

called Clark's Test Glass, fig. i.

Water in small quantities is con-

veniently supplied by means of the

water-bottle, fig. 2. This apparatus
consists of a glass bottle, to which
two glass tubes are fitted by a cork.

Through one tube, a, air enters the

bottle, while water escapes through
h, the other tube. It answers very well for giving
a small quiet stream of water, for

filling tubes,

wetting papers, and the like.
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b. Action of Nitric Acid on Yellow Turmeric.

Take the diluted nitric acid prepared in Experiment a.

Dip into it a slip of yellow turmeric test paper.
Observe that the yellow colour remains unchanged.

The drops of acid are most conveniently added by means of a straight

pipette, or narrow glass tube, open at both ends, usually called

the dropping tube, fig. 3. It may be 6 inches long, and not

less than \ inch in diameter, having a very small orifice but not

a capillary point, at one end. See Griffin's
'* Chemical Manipu-

lation,^^ from which the following quotation is made:—
" In using such a tube in testing, it is seldom necessary to

suck with the mouth. On dipping the tube into the test, a
^'

portion enters, more or less of it, according to the depth of the

dip. As much as may be required is allowed to enter, and is

retained by applying a moistened finger to the top of the tube,—and

just as much as may be wished is allowed to drop into the solution

under examination, by a partial or complete removal of the finger.
" A modification of this method of applying tests by dropping tubes,

may be advantageously employed where a large number of students in

a class are furnished with solutions for analysis, and are all to apply the

same tests to their solutions. Two-ounce bottles should be provided

^————= ^^^^^^ large and good corks, perforated
and fitted with pieces of straight glass
tube of the width represented in the=:^ .

margin, and so long as to rise half an

4. inch above the cork, and to descend

nearly to the bottom of the bottles. The lower end of the tubes may be

a little contracted. The test solutions are to be put into these bottles,

and the tubes used to remove them as required.
The cork must stand so high above the bottle as to

be easily caught by the thumb and middle finger of

the right hand, while the forefinger is left at liberty
to close or open the upper part of the tube, as may
l)e required. The tests are under com[)lete control

ill this apparatus, so that any quantity which an ex-

periment may demand, can be administered w-ith

facility. When a very small quantity of the re-agent
is required, you lift the tube without closing its

upper end. It then acts like a glass rod, and takes

up only a drop or two. When you want a larger

quantity, you lift the tube out of the liquid, close the

upper end by your forefinger, plunge the closed tube

into the liquid, and remove your finger. The air in

the bottle then presses the liquid up the tube con-
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c. Action of Ammonia on Yellow Turmeric,

Half fill a conical test glass with water.

Add to it three drops of Liquid Ammonia.
Stir the mixture with a glass rod.

Dip into it a slip of yellow turmeric test paper.
Observe that the yellow colour changes to brown.

Put the stirrer to your tongue and taste the mixture.

You will find it to haVe an acrid or alcaline taste.

The tube can then besiderably higher than the level in the bottle,

lifted with what it contains."

Another excellent form of bottle for containing liquors
to be used in testing, is shown by fig. 6. it has a wide

mouth, and, instead of a stopper, is furnished with a glass

cap, ground to fit the outside of the neck. It is also pro-
vided with a pipette, the orifice of which is so small that it

cannot deliver above one drop of liquor at a time, though,
at the pleasure of the operator, it can give many drops in

succession. The pipette always remains in the bottle. Of

course, it is always ready for use, requires no cleaning, pre-
vents the waste of the reagent, and is an effectual check on

the overdosing of any liquor that is to be tested.

Every test glass should be accompanied by a stirrer of the

form of fig. 7.

The slip of test paper may be 2^ inches long,
-i inch wide. Such

slips are to be had bound up in little books, like banker's cheque books,

fig. 8.

The test papers made of this size are coloured carefully for delicate

testing. When the purpose for which they are used is merely demon-

strative, as in Lectures, it is better to use larger papers more strongly

coloured, that the changes of colour may be easily seen at a distance.

Such test papers are now prepared for sale.
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d. Action of Ammonia on Blue Litmus.

Take the diluted ammonia prepared in Experiment c.

Dip into it a slip of blue litmus test paper.
Observe that the blue colour remains unchanged.

e. Counter-Actions of Nitric Acid and Ammonia.^

Take the diluted nitric acid prepared in Experiment a.

And the diluted ammonia prepared in Experiment c.

Dip into the acid a slip of blue litmus test paper.

Dip the reddened paper into the ammonia.
Observe that the redness disappears and the blue colour returns.

Dip into the ammonia a slip of yellow turmeric test paper.
Then dip the brown part into the acid.

Observe that the brown colour disappears and the yellow colour retums.

f. Action of Carbonate of Soda on Red Litmus.

Take a slip of red litmus test paper.
Wet it with water from the water bottle.

Put on the wet paper a crystal of carbonate of soda.

Observe that the red colour changes to blue.

g. Action of Carbonate of Soda on Yellow Turmeric.

Take a slip of yellow turmeric test paper.
Wet it with water from the water bottle.

Put on the wet paper a crystal of carbonate of soda.

Observe that the yellow colour changes to brown.

h. Other Counter-Actions of Acids and Alcalies.

Half fill a conical test glass with blue cabbage liquor.*

Add to it a few drops of diluted sulphuric acid.

Observe that the blue colour changes to red.

Take a straight pipette in your left hand.

Take up in the pipette some solution of potash.

* Instead of nitric acid, you may take muriatic, sulphuric, acetic, or

oxalic acid
;
and instead of ammonia you may take caustic potash or

caustic soda, for these experiments. The efiects produced by the re-

agents of each set will be similar.

s To prepare blue cabbage liquor, chop up some leaves of blue

cabbage, pour boiling water over them, and after some hours decant the

blue liquor for use. It soon becomes mouldy, but can be preserved by

adding to it as much oil of vitriol as will make it strongly red. When
required for use, a solution of soda or potash must be added to neu-

tralise the acid.
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^dd the potash gradually to the coloured liquor.

Stir the mixture with a glass rod held in your right hand.

Observe that the red liquor regains its blue colour.

A nd that with more potash it becomes green.

With another pipette take diluted sulphuric acid.

Add it gradually to the green mixture.

Stir the mixture with a glass rod.

Observe that the green colour changes first to blue, and finally to red.

Results of these Experiments :

i. We have demonstrated,—
That blue litmus is changed to red by acids.^

That yellow turmeric is not changed in colour by acids.

That brown turmeric is changed to yellow by acids.

And from these demonstrations, we draw the general conclusion, that

acids change blue litmus to red, and brown turmeric to yellow.

We have also found, that acids or substances which change blue litmus

to red, have a peculiar sour or acid taste.

k. We have demonstrated,
—

That yellow turmeric is changed to brown by alcalies.

That red litmus is changed to blue by alcalies.

That blue litmus is not changed in colour by alcalies.

And from these demonstrations we draw the general conclusion, that

alcalies change red litmus to blue, and yellow turmeric to brown.

We have also found, that alcalies, or the substaaces which change red

litmus to blue, have a peculiar acrid or alcaline taste.

I. The experiments on the counter-actions of acids and alcalies, prove
that these bodies have the faculty of neutralising each other^s power.
Hence, acids restore colours that have been altered by alcalies, and

alcalies restore colours that have been altered by acids.

m. As respects the application of the knowledge derived from these

experiments, I may remark, that when a substance reddens blue litmus,

it is said to be acid ; when it makes red litmus turn blue, or yellow

^ These conclusions presuppose that the reactions have been tried,

as suggested in Note ^

page 34, with a ^qw other acids and alcalies than

those named in the text. It would hardly be right to draw sweeping

general conclusions from the behaviour of one acid and one alcali

towards the coloured tests ; yet it would have been tedious to put more

experiments in the text. The student can increase or vary the examples
at pleasure.

D 2
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turmeric turn brown, it is said to be alcaline. But the possession of

this acid property is not sufficient to constitute what chemists call AN
Acid, nor is the possession of the alcaline property sufficient to con-

stitute AN Alcali
; because the power of altering vegetable colours is

possessed by some substances which, properly speaking, are neither

acids nor alcalies—as, for example, carbonate of soda, used in Experi-
ment /. This substance is a salt, containing both carbonic acid and

soda, that is, both an acid and an alcali. It cannot, therefore, be called

an acid, nor yet an alcali, but it can very properly be said to be alcaline,

for this term describes simply a property which the substance actually

possesses, namely, that of alcalinity. There are other salts which con-

tain both an acid and an alcali, and which, nevertheless, manifest an acid

reaction on vegetable colours. Many salts of the metals have this

property, and they are said to have an acid reaction. There is a third

class of salts that have no action on vegetable colours, and that are

neither acid nor alcaline in taste. Common salt is an example of this

kind. Such substances are said to be neutral.

Bleaching of Vegetable Colours by Chlorine.

a. Bleaching of Blue Cabbage Liquor.

Put into a conical test glass a little blue cabbage liquor.

Add to it a few drops of solution of chlorine. -

Stir the mixture with a glass rod.

The colour of the cabbage liquor is destroyed, and the mixture becomes

white.

b. Bleaching of Indigo.

Half fill a conical test glass with wnter.

Add to it a few drops of sulphate of indigo.
Stir the mixture with a glass rod.

Add to it a small quantity of solution of chlorine gas,
Or of a clear solution of bleaching powder.
Stir the mixture with a glass rod.

The blue colour disappears and is succeeded by a pale greenish yellow.

c. Bleaching of Litmus Paper.

Half fill a conical test glass with solution of chlorine.

Dip into it a slip of blue litmus test paper.
Observe that the blue colour is bleached to white.

^ A solution of chlorine gas in water can be preserved for some

time in a good state for use, if closely corked up in an opaque bottle of

salt-glazed stoneware. Directions for preparing the solution will be

given under the head of Chlorine.
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d Bleaching of Pink Paper,

Take the solution of chlorine used in Experiment c.

Dip into it a slip of pink paper.

Or use any kind of paper stained with vegetable colours, or unbleached

calico, or any kind of cloth tinged by colours of vegetable origin.

Observe that the colour is almost immediately destroyed (bleached).

e. Result of this Experiment :
—Chlorine destroys vegetable colours.

The experiment illustrates the art of bleaching cotton cloth by means

of chlorine.

CHEMICAL METAMORPHOSES.

When certain chemical bodies are placed in contact under particular

circumstances, they combine together and produce new compounds

possessed of new properties. These changes are evidenced to the eye

by changes of colour and form, of taste and smell, of temperature and

of bulk, which frequently are of a very surprising nature. The experi-
ments adduced in proof of these facts will not, I hope, be considered

out of place in a work devoted to Chemical " Recreations."

Experiments with Coloured Liquids.

To produce a beautiful Green Liquid hy mixing a Blue one with a

Colourless one.

To produx^e a beautiful Crimson Liquid by mixing a Blue one and a

Colourless one.

To change the Colour of a Liquid from Green to Bedj by adding a

Colourless one to it.

To make the same Liquid alternately Red and Green by the addition of
two Colourless Liquids.

The methods of producing all these effects are detailed in Process h, on

the Reactions of Acids and Alkalies with vegetable Colours, page 34.
A Liquor which is Crimson at the bottom, Purple in

the middle, and Green at the top.
—

Nearly fill a tall

cylindrical glass with water, and colour it blue by adding
a tablespoonful of tincture of cabbage—then make it

green at the top by gently adding a little liquid

ammonia, and afterwards introduce a little sulphuric acid

by means of a pipette, or glass tube, long enough to

reach to the bottom of the vessel
; upon which the effect

above mentioned will be produced. If you stir the mixture

with the glass tube, it will be blue, green, or red, accord-

ing to the predominance of one or other of the ingre-
dients. See page 35. If you add a little liquid chlorine,

the colour will be totally destroved. Page 36.
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Three different Colours produced from the same vegetable

infusion hy the addition of three Colourless Liquids.
— Into each

of three test glasses put a Httle diluted blue tincture of cabbage.
To one add a solution of alum, to the second a solution of

potash, and to the third a few drops of muriatic acid. The

product of the first mixture will have a purple colour that of

the second a bright green, and that of the third a beautiful

lo. crimson.

A beautiful Blue Liquid produced by mixing two Colourless ones.—
Add a few drops of a solution of nitrate of copper to a glasM of wat€-r—
the mixture will be colourless if sufficiently dilute : pour a little liquid
ammonia into it—the mixture will then assume a fine blue colour.—
jRationale. The alcali precipitates the copper, and then re-dis»Dlves u,

forming a blue solution of the ammonia-nitrate of copper.
To produce a Colourless Liquid by mixing a deep Blue one with a

Colourless one.—Add a little nitric acid to the blue liquid produced in

the preceding experiment: upon which the colour instantly disap-

pears.
—Rationale. The blue compound is decomposed, and nitrate of

ammonia and nitrate of copper are formed. These salts remain in solu-

tion in the water, the quantity of which renders the blue colour of the

nitrate of copper insensible.

Coloured Liquors which become Colourless on the addition of a Colour-

less Liquor.
—A solution of chlorine in water, or a solution of chloride

of lime, deprives all vegetable solutions of their colour. Page 36.
Action of Acids and Alcalies on a variety of Vegetable

Colours,—These experiments may be performed in conical test glasses
or small test tubes.

Brazil Wood.—Boiled in 1 6 times its weight of water. A deeply-
coloured red liquor. Alcalies turn it purple or violet. Iron salts turn it

brown. Caustic potash in 200,000 parts of water acts upon it. Strong
acids make it bright rose-red. Sulphuric acid has the most powerful
action. The acid red liquor is a fine colour for prints on paper, but it

injures the paper. Sulphurous acid bleaches it. Some of the weaker

acids turn it yellow.

Paper saturated with Lndigo dissolved in sulphuric acid.—Chlorine

bleaches it. Boiling nitric acid does the same. Chromates and bromides

bleach it cold. Iodides do the same, but leave a red stain on the paper
that gradually disappears in the air.

Litmus.— Solution in water or alcohol. Blue. Acids redden it.

Alcalies restore the blue colour.

Rhubarb infused iu water. A bright yellow solution. Alcalies turn

it reddish-brown. Very readily affected.

Rose leaves macerated in alcohol. Yellowish-brown liquid. Alcalies

turn it green. Acids made it rose-red. The changes of colour in this solu-

tion are effected by an exceedingly small portion either of acid or alcali.
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Tunneric.—Infusion in water, or tincture in alcohol. Yellow liquids.

Alcalies turn them reddish brown.

Violets.—A violet liquor. Alcalies turn It green and acids red.

Logwood.
— Gives a brownish decoction. Acids render it yellow or

reddish. Alcalies give it a splendid purple colour. If a drop of a solu-

tion of logwood and another of liquid ammonia are put on the same

plate, but at a distance from each other, the vapour of the alcah very
soon changes the colour of the logwood.

Two XiMPiD Liquors converted by mixture into a Solid Mass.

Process i. If a saturated solution of chloride of calcium be

mixed with a saturated solution of carbonate of potash, both of

which are transparent liquids, the result is the formation of an

o])aque and almost solid mass. Mutual decomposition of the

salts takes place
—chloride of potassium and carbonate of lime

are formed
;
and the latter absorbs the whole of the water of

solution, and produces a degree of solidity.
^^•

Process 2. Drop sulphuric acid into a saturated solution of chloride

of calcium; in this case also an opaque mass is produced.
—The chloride

of calcium is decomposed, and sulphate of lime, a highly insoluble salt, is

formed.

Process 3. Pour a saturated solution of caustic potash into a saturated

solution of sulphate of magnesia (Epsom salt), a nearly solid mass is

produced. The sulphuric acid leaves the magnesia (which then com-
bines with water and is precipitated in the form of a white powder) in

order to combine with the potash.
If a little nitric acid be added to the product of Process i, the solid

mass will be converted into a transparent liquid : the insoluble carbonate

of lime being converted into the soluble nitrate of lime.

A solid white powder produced hy mixing two colourless liquids.
—This

is an effect of common occurrence in chemical experiments. See the

article on Precipitation. The solids produced by the mixture of different

liquids are of every variety of colour and form, and it is a very amusing
and instructive exercise, to examine the effect of various precipitating

agents on different metallic solutions. I shall add an example in the

test for muriatic acid.—Add a drop of muriatic acid to a quart of water;

pour some of the mixture into a test glass, and let fall into it a single

drop of a solution of nitrate of silver—the whole will instantly be per-
vaded by a milkiness, because the chlorine of the muriatic acid combines
with the silver and forms chloride of silver, a salt highly insoluble. So

great is the power of this test, that if a single grain of common salt is

dissolved in 42,2 50 grains of water, the muriatic acid is detected, though

amounting to only i part in 108,333 of the weight of the solution.

A fluid produced hy rubbing together two solid metals.—Triturate an

anralgam of lead with an amalgam of bismuth—the product will be
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fluid, like mercury. Fluids are likewise produced when any of the mix-

tures which follow are triturated
;
acetate of lead and sulphate of zinc—

or, sulphate of soda and nitrate of ammonia—or sulphate of soda and

carbonate of potash.
—These salts should be all fresh crystallised.

A green coloured solid produced by mixing a blue one with a white one.—Triturate crystallised sulphate of copper with crystallised super-
acetate of lead. In this process, acetate of copper, which has a green

colour, is formed.

To make a solid green paint by mixing a blue liquor with a colourless

liquor.
—Add to a hot solution of blue sulphate of copper, a little solution

of colourless carbonate of soda—a beautiful powder, known by the name
of French green, will be precipitated.

—The powder is a subcarbonate

of copper. The liquor may be separated by filtration.

Two pungent and invisible gases unite andform an inodorous solid.—
Process i. Fill a jar with ammoniacal gas, and another with muriatic

acid gas, in the manner described in a subsequent part of this work.

Apply the two jars mouth to mouth, and the above-mentioned effect

will instantly be produced, chloride of ammonium being formed and

precipitated on the sides of the jars.

Process 2. Dip a clean feather into muriatic acid, and
moisten with it the interior of a glass such as is depicted

by fig. 12, and in like manner moisten the interior of

a similar glass with liquid ammonia. The glasses, in

this state, will seem empty, but if they be put mouth
to mouth together, the whole included space will be

filled with a dense white vapour ; which in the end settles

on the sides of the glasses in the form of a white powder,
solid chloride of ammonium.

Process 3. If two jars, one containing ammoniacal gas,

12. and the other containing carbonic acid gas, are thus put

together, solid carbonate of ammonia will be formed.

Two highly-odorous liquids produce a mixture totally without odour.—
Mix liquid ammonia with muriatic or nitric acid, till the resulting liquor
is neutral. The smell of both the ingredients disappears, and the saline

product has neither the acid nor the alcaline taste possessed by the two
odorous liquids.

Two bodies devoid of odour produce a compound highly odorous and
volatile.—Mingle together in a mortar equal parts of sal-annnoniac and

quicklime. Tne mixture disengages ammoniacal gas, which has a very

pungent odour.

To deprive a red rose of its colour, and to restore the colour again.
—

Hold a red rose over the blue flame produced by burning sulphur.
You can do this by fastening the rose to the top of an inverted glass jar.

This flame difiuses a gas which has the property of depriving vegetables
of tlieir colour. It is called sulphurous acid gas. Whenever it comes
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into contact with the rose, the colour is so discharged as to make the

rose either beautifully variegated or entirely white. If you afterwards

dip the rose into water its red colour is restored to it.

A substance which may be eaten, produced by the admixture of two

powerful poisons.
—A solution of muriatic acid and a solution of caustic

soda are both poisonous. If mixed together in such proportions as to

make a neutral solution, they produce common kitchen salt.

The method of making such mixtures in proper proportions, is

explained in the article on Equivalent Test Liquors.

Explanation.
—

9^ parts of muriatic acid contain 9 parts of chlorine

and ^ part of hydrogen. io\ parts of caustic soda contain 6 parts of

sodium, 4 parts of oxygen, and J part of hydrogen. When these quantities

of the ingredients, in a sttite of aqueous solution, are mingled together,

new combinations take place. 9 parts of chlorine and 6 parts of sodium,

produce 1 5 parts of common salt, also called chloride of sodium ; and 4
parts of oxygen and h part of hydrogen, produce 4-5 parts of pure water.

Thus nothing is lost or left at liberty. The chloride of sodium dissolves

in the water at the moment of formation, but can be obtained in the

state of crystals by evaporating the solution.

To Dissolve Metallic Copper in a Liquid.
—Dissolve a grain of thin

copper wire or foil in six drops of nitric acid, using a tube of the fol-

lowing form. Observe the effervescence that is produced; the pro-

duction of red gas just above the hquor, the change of the liquor to

green, the heat which is produced, the peculiar smell that is disengaged.
In one minute the copper will be dissolved, the liquor remaining green.
Blow into the tube by a smaller tube held in the mouth. This expels
the red gas, and turns the green liquor blue. Alternately shake the

tube and blow air into it, until the green colour and red gas no more
return. The smell goes away with the gas. Look into tiie tube and
not across it, to see the colour of the liquor and gas. Boil it next over

a spirit lamp. White fumes of nitric acid go away. When the liquor

gets thick and pasty, allow it to cool. It will form a mass of blue

crystals, proceeding like rays from the centre. This is nitrate of copper.

Apply heat; the crystals then melt, get drier, and stick about the

sides of the glass as a hard cake. The salt now decomposes, and a

strong smell of nitric acid is disengaged. When the bulb is cold, half

fill it with water. Part of the hard matter dissolves, producing a blue

solution of nitrate of copper ; part remains undissolved as a bluish-green
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powder. This is a nitrate with excess of base, which is insoluble in

water. Add a single drop of nitric acid, and the whole will dissolve.

With the resulting solution, you can apply the different tests for

detecting copper, which are described under the head of Copper.

SYMPATHETIC INKS.

Sympathetic inks are liquids which, being used for writing or draw-

ing, form figures or letters, which, under certain circumstances, or after

ceitain operations, become changed in colour, or from being illegible
become conspicuous. Liquids of this kind known at present are very
numerous, and the experiments executed with their assistance are some
of the most entertaining which modern chemistry affords. Several

varieties were known in very ancient times. We find Ovid teaching

young women to deceive their guardians by writing billets to their lovers

with new milk, letters formed with which are rendered legible by coal-

dust or soot. And Ausonius proposes the same thing to Paulinus.

Pliny, in whose time it was known that any colourless, glutinous juice
would attract black powder as well as milk, recommends for this pur-

pose the milky sap of certain plants.

There are several metallic solutions, entirely colourless, or having a

very weak tint, which, if applied to paper, produce figures that remain

invisible, either till washed with another colourless solution, or exposed
to its vapour. Among these, there is none more curious or capable of

exciting greater astonishment, than that which consists of a solution of

sugar of lead, which becomes black on exposure to sulphuretted hydro-

gen gas, even at a considerable distance. The mountebank performers
of mechanical tricks and chemical experiments, whom the people have

been pleased to term conjurors, derive considerable aid from the service

of bodies such as those under consideration. How potent must he

appear to ignorant eyes, who causes a figure to grow, as it were, on a

paper untouched by any hand, and exposed meanwhile to view ! Yet,
to do this, requires only that the person use the ink just named, and

manage the business with a little dexterity.

Whatever is written with a solution of sagar of lead, with a clean

pen, remains invisible while dry ; but, when the writing is washed over

with liquid sulphuretted hydrogen, -it becomes instantly black. The
most extraordinary circumstance is this, that, though sheets of paper
without number, and even a board, be placed between the invisible

writing and the reviving liquid, the same effect will take place as in the

former case
;
the writing being turned black by a vapour which pene-

ti'ates the substance of the wood and the folds of the paper.
It is instructive to look back upon the hypotheses which successive

speculators set up to explain the causes of various effects observed in
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atnre. The phenomena which appeared to take place without any
visible agency, were ascribed in the middle ages to certain "

occult

qualities." This doctrine gave way to the idea of magnetic effluvia,

which was succeeded by a something termed sympathy ;
and sympathy

itself was exploded by attraction and electricity. In future times our

own method of tracing out causes w^ill, no doubt, be reckoned as absurd

as the ridiculous modes which have preceded it.

Another remarkable kind of sympathetic ink is that prepared from

cobalt, the inveation of which, though generally ascribed to Hellot, is

affirmed by Pott to have been detailed by a German lady, very early
in the seventeenth century. But it must be older than this, if it be true

that, by means of this invention, Theophrastus Paracelsus could, in the

same picture, represent alternately summer and winter. Such is the

nature of this ink of cobalt, that the traces of it in writing or drawing
are colourless when cold, but when moderately heated become of a

beautiful green colour
;
which colour, however, vanishes as the paper

cools, but can be made to reappear by a fresh application of heat.

I shall now mention a few of these inks out of the great number
which but a slight acquaintance with chemistry will suggest to the

student.—Note. The sympathetic inks may be laid on paper either

with a camel-hair pencil or a common quill pen ; but, whichever is used,
it is necessary that the instrument be perfectly clean— the presence of

the smallest quantity of any foreign body will go nigh to spoil the

effect. The best thing to use is a clean fresh-cut quill pen.
1 . Write with w^eak tincture of galls : the characters will be invisible.

Moisten the paper with a feather, dipped in a weak solution of sulphate
of iron—the writing will become black. To understand this phenome-
non, you have only to know that a black liquid commonly termed ink

is formed by adding infusion of galls to a solution of sulphate of iron.

2. Write with a weak solution of prussiate of potash
—the letters will

be invisible. Moisten the paper, as in the preceding experiment, with
a weak solution of sulphate of iron—the writing will assume a fine hlue

colour.—Rationale. Prussian blue is here formed.

3. Wash paper with a solution of sulphate of iron, and suffer it to

dry : when written upon this paper, dilute solution of prussiate of

potash produces blue letters, and tincture of galls hla^k ones ; but upon
common paper they make colourless marks.

4. Most acids, diluted and written with, leave marks which are

invisible till the paper is heated, when they become hlack ; the heat

concentrating the weak acid, and enabling it to char the paper.

5. Write with a dilute solution of nitrate of silver, and let the writing

dry in the dark—it will be invisible; fold up the paper so as to keep
the writing in the dark—it will continue invisible

; but, expose the

writing to the light of the sun— it will become hlack,—Rationale, The
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nitrate of silver has the property of being decomposed by light ;
a black

colour being acquired by the metallic oxide.

6. Characters written with a solution of equal parts of sulphate of

copper and sal-ammoniac, have a yellow colour when heated, but are

invisible when cold.

7. Write with a dilute solution of chloride of copper. The writing
is invisible when cold, but yellow when heated,

8. Write with a dilute solution of chloride of gold, and dry the

writing in the dark— it will be invisible. Moisten the paper, by means
of a feather or bit of sponge, wit'h a solution of chloride of tin—the

writing will then assume a purple colour, occasioned by the presence of

a minute portion of the purple precipitate of Cassius, a compound of

tin and gold.

9. Write with a solution of nitrate of bismuth—the writing will be

invisible. Immerse the paper in water—the characters will then be

legible.
—Rationale. The water decomposes the salt, and causes a white

compound of bismuth to be precipitated in a solid form.

10. Expose a paper upon which you have written with nitrate of

bismuth, to the vapour of water impregnated with sulphuretted hydro-

gen
—the Avriting will become black. It is the property of bismuth to

be thus affected by sulphuretted hydrogen. The black substance is

sulphide of bismuth.

11. Let B. paper upon which you have written with nitrate of

bismuth be moistened with solution of prussiate of potash the writing
will assume a beautiful yellow colour

; cyanide of bismuth being formed.

1 2. Write with a solution of sulphate of copper
—no writing will be

visible. Wash the paper with solution of prussiate of potash
—the

writing will then get a reddish-brown colour; cyanide of copper being
formed.

13. Write with a solution of acetate of lead—the writing will be

invisible. Hold the paper over a saucer containing liquid sulphuretted

hydrogen
—the writing will become, first black, and then glittering like

silver. The metallic salt is here decomposed by the sulphuretted hydro-

gen, which produces black sulphide of lead.

1 4. Upon a fire-screen let there be drawn a representation of winter,

with trees destitute of foliage, and ground covered with snow. Let,

however, every part of the picture which, if the scene represented

summer, would be green, be covered with the sympathetic ink, pro-
duced by dissolving zaffre or impure cobalt in aqua regia, which is a

mixture of nitric and muriatic acids. Draw, for instance, leaves on the

trees, and grass on the ground. These marks will not be visible ; the

picture will still bear the aspect of winter. But, let the fire-screen be

placed for a short time near the fire, then the view will exhibit all the

verdure of summer. When allowed to cool, the verdure disappears ;
but
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it may be again revived, by the same means as before, and that as often

as is desired, provided the paper be not heated beyond a certain point ;

for, if heated too much, the ink will assume a permanent brown colour.

A solution of pure chloride of cobalt will not answer the above purpose,

as it gives a blue and not a green sympathetic ink. The green tint is

due to the presence of arsenic and iron among the impure cobalt.

15. A jar is filled with clear water. A piece of white

pasteboard is put into it. The whole may be then covered

from view. After a few minutes, the white pasteboard is

taken out, and found to have an inscription upon it in blue

letters. Explanation : The clear water is a weak solution of

iodide of potassium, mixed with a few drops of sulphuric

acid. The white pasteboard has had the writing previously

made upon it with starch paste. Such writing is invisible

on white pasteboard ;
but in the experiment, a blue com-

"^

pound is formed by the combination of iodine and starch.
^^'

My youthful readers will probably not take it amiss if I add here a

few other examples of

Chemistry for Holidays.

Such of them as visit the Polytechnic Institution, may like to know
how they can imitate the wonderful exploits performed in that and

similar establishments for public entertainment ; some few of these

popular experiments do not depend solely upon philosophical principles,
but are aided in some degree by sleight of hand. It is not my business

to teach the art of conjuring, but it is impossible to explain these

experiments without describing the extent of the trickery which forms

part of them.

The Enchanted Bottle.—The conjuror's bottle from which you pour
when required, water, milk, blue dye, port wine, sherry, or champagne,
is a popular experiment, akin to these depending on such chemical

changes as have been described in the preceding section, but aided by
a little trickery.
As the experiment is usually performed, the conjuror seems to pour

from the same black bottle into different wine-glasses, all the above

liquors in the order in which the audience demands them.

The bottle contains actually but one liquor, which is a solution of

sulphate of iron, containing both protosulphate, and persulphate, and
a little free sulphuric acid. This mixture is put into a black wine

bottle, because it has a brown colour, which the audience ought not to

see. The trickery is chiefly with the wine-glasses, in which are placed
beforehand small quantities of such chemical reagents as sufiice to pro-
duce the desired changes of colour. These reagents are as follow i-.

—
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For water, nothing. The slight colour of the liquor is not recognized
in the wine-glass. For milk, a solution of chloride of calcium, or

chloride of barium. For blue dye, solutions of red and yellow prussiate
of potash mixed. For port wine, a solution of sulpho-cyanide of

potassium. For sherry, a very small quantity of the same. For cham-

pagne, a solution of bicarbonate of soda.

All these solutions should be as strong as possible, the entire inside

of the glass should be wetted with them, just before the experiment is

performed, but there should be as little as possible of the reagents left

in the glasses, and that should be hid by a finger of the hand that holds

the glass. Duplicates of each prepared glass should be ready, in case

a second glass of any one sort should be demanded by the company.
The volatile plum-pudding.

—At dinner, when the cover is removed
from the plum-pudding, the pudding leaves its dish and rises to the

ceiling of the dining-room.

Explanation.
—The pudding is a sham one, consisting of a globular

balloon, about six inches in diameter, painted with spots like a plum-
pudding, and filled with hydrogen gas. Under the head of Hydrogen,
I shall give full instructions for preparing the gas, and filling balloons.

Loaf-sugar contains charcoal.—Place a large test glass upon a plate.
Half fill the glass with lumps of loaf-sugar and put over them
as much hot water as will thoroughly moisten them. Then
add about a quarter of a fluid ounce of oil of vitriol. The
mixture soon smokes, becomes black, and froths up. You

may stir it with a glass rod. It sometimes rises over the edge

,^^ ^
of the glass, which is the reason that you must put the glass

J\C in a plate or a stoneware pan.

C3_H^ When the efFeiTescence is at an end, you may w^ash the

black mass into a large glass jar, and stir it up with a pint of

water. It will be seen to contain a quantity of black powder.
Let this settle ; then pour off the acid liquor, and wash the

powder with fresh water. If the powder is then collected

and washed on a filter in a funnel, and afterwards dried, it will

be found to be charcoal. The method of proving it to be

charcoal will be decided in a subsequent experiment (page 59).

Sugar consists of carbon, oxygen, and hydrogen. The oil of

vitriol converts the oxygen and hydrogen into water, and
leaves the carbon (or charcoal) free, and this substance being
insoluble, is easily separable from the liquid products of the

decomposition.
Cambric handkerchiefs and fine lace consist of charcoal and water.—

The composition of cotton and linen is analogous to that of sugar.

They contain carbon, oxygen, and hydrogen, and they can be de-

composed, like sugar, by warm oil of vitriol.

Fix a porcelain capsule of about 3 inches in diameter on a retort

15-
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stand, fig. 17, and put into it about half a fluid ounce

of strong sulphuric acid. Place a spirit lamp below it

to warm it, but do not make it hoil, because the boiling

of sulphuric acid is a dangerous operation, and the acid

for this experiment requires only to be gently warmed.

Put into the acid some small pieces of calico or linen

cloth, and stir them about with a six-inch glass rod.

The cloth will very soon be decomposed by the acid,

as the sugar was in the preceding experiment. A
similar black mixture is produced, from which, by
washing in a large quantity of water, and afterwards on

a filter, the charcoal can be obtained in powder.

Vinegar is contained in drywood.
— If hard dry wood, ^7.

oak, for example, or even a piece of dry cambric, is heated to redness

in a glass tube closed at one end, in the manner described in a sub-

sequent set of experiments on the identification of vegetable substances,

the wood fibre will be decomposed, and a hquor will be expelled from it

which contains vinegar, while charcoal in the solid form will remain

behind in the glass tube. See pages 58 to 64.
A metal that takes fire when it touches cold water.—This is a property

of the metal called potassium, which is extracted from the alcali potash.
This metal is soft, lighter than water, and as brilliant as silver. It is

preserved from the air in mineral naphtha, a liquid which contains no

oxygen. A small globule, about a quarter of an inch in diameter, being
thrown upon the surface of water contained in a flat pan of 9 to 12

inches diameter, immediately takes fire and burns with a violet-coloured

flame and a hissing noise, swimming rapidly about the liquor and

ending with a slight explosion. In this experiment, the potassium

decomposes the water, sets free some hydrogen which burns with flame,

and combines with the oxygen and part of the hydrogen to produce
caustic potash, which dissolves in the water and renders it alcaiine,

as may be shown by means of red litmus test paper, which it turns blue.

A Fountain of Fire—-formed hy Phosphuretted Hydrogen Gas.—
Put 1 5 grains of finely granulated zinc, and 6 grains of phosphoms,
cut into small pieces under cold water, into a conical glass.

Mix, in another glass, a drachm by measure of sulphuric acid,

with two drachms of water. Now, take the two glasses into

a dark room, and there ]Dour the diluted acid over the zinc

and phosphorus in the other glass : in a short time phosphu-
retted hydrogen gas will be produced, and beautiful jets of

bluish flame will dart from all parts of the surface of the

liquid, the mixture will be quite luminous, and a quantity of

beautiful luminous smoke will rise in a column from the glass.
A Fountain of Fire is a very apt name for the appearance

^8.

that is produced. The experiment is very easily performed, and is a

very beautiful one. But the operator must take care not to burn him-
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self. The phosphorus must always be kept in cold water. It must not

be touched by the fingers unless when it is covered by cold water. Burns
from it are painful and difficult to heal.

Coloured Flames.—Coloured alcohol flames are best produced by
forming a wick of asbestus filaments, fixing it in a glass tube, and

moistening it with the concentrated saline solution that is intended to

communicate the colour to the burning alcohol. A cotton wick soaked in

a strong solution of the salt can be also made use of. In either case the

wick is to be put into a common glass spirit lamp, containing spirits of

wine. The solutions which give a colour to flame are those of chloride of

strontium, boracic acid, chloride of barium, nitrate and muriate of copper.
A stream of oxygen gas directed upon a spirit lamp, coloured in this

manner, produces an intense coloured flame.

The Fire Cloud.—Mix 5 parts of chloride of strontium with i part of

nitrate of copper. Saturate about a pint ofalcohol or pyroxilic spirit with

these mixed salts. Put this into a metallic fountain, condensing. into it a

quantity of air by a syringe. A small jet being affixed, the mixture is

pressed out with considerable force. If allowed to play upon the roof of

a room, and there kindled, a brilliant cloud of variegated fire is produced.
Brilliant Deflagration.

—Use the apparatus
shown in the following vignette. It consists of a

thin hard Bohemian glass tube, 3 inches long and

nearly i inch wide. It is supported by a narrow

crook of tin-plate, c, fixed by means of a cork, a,

into the sliding socket of a tube-holder, h. As
much nitrate of potash is used as fills about half-an-

inch of the tube when melted. The heat of a

small spirit lamp is sufficient for this quantity.
When the nitrate of potash is in fusion, remove

the lamp, and put a basin of water below the

tube: then, by means of a slip of tin-plate, c?,

pour into the tube a small quantity of well-dried

charcoal powder. Remove your hand instantly :

a splendid combustion will occur in the tube. If the tube breaks, the

contents fall into the water and do no harm.

In the same manner a small bit of sulphur, or of phosphorus, may
be deflagrated. The latter should not exceed the eighth of an inch in

diameter.

In these experiments, the combustible bodies combine energetically

with the oxygen that is set free from the fused nitrate of potash.

The holiday amusements beuig over, we return to the philosophical
consideration of our science.
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EXAMPLES OF CHEMICAL OPEEATIONS.

SOLUTION.

Take a two-ounce

flat-bottomed solu-

tion bottle, fig. 19.

Put into it a quarter

of an ounce of alum

in coarse powder.
Add half an ounce,

by measure, of

water.*

Light your spirit

lamp. Push down
the wick till the 19- ^o-

flame is not above an inch long. If you use gas, make the flame of the

same size. Hold the bottle with your right hand two or three inches

above the flame. As soon as you see dew formed on the bottom of

the bottle, wipe it with ^
o o odry cloth. Again hold

the bottle over the flame,

and again wipe off the

dew. Move the bottle

continually to keep the

flame from heating one

spot only, which would
cause the bottle to break.

Now place the stone-

ware furnace cylinder round the lamp

;i iL
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In a short time the water boils, and the alum disappears ;
that is to

say, the water dissolves the alum. Extinguish the flame by putting on

the cover, of the lamp. Allow the solution to cool.

While it is cooling,* I will explain to you a few chemical terms

relating to the operation of solution. A solid which thus disappears in

a liquid is said to be soluble in it. The liquid in which it dissolves is

called the solvent or menstruum. The resulting liquid is a solution.

When the solution contains as great a quantity of the solid matter as it

is capable of dissolving, it is saturated. A solution is known to be

saturated when fresh solid matter of the same sort, on being put into it,

remains undissolved. When a saturated solution is mixed with pure

water, it is said to be diluted.

Take a small porcelain mortar, two inches in

diameter. Put into it a quarter of an ounce of

kitchen salt. Half fill the mortar with water,

and grind the salt in the water till the latter

is saturated, which will be the case in a very

.^ ,. few minutes. But if all the salt disappears during
\
^ SI the grinding, you must add more to the same water,

till you find the water to be saturated, and unable

^3' to dissolve any more salt.

Allow the mixture to settle. Pour the clear part

of it into a porcelain evaporating capsule of

3 inches diameter. Only half fill the cap-
sule. Light your spirit lamp. Put round

it the furnace cylinder. Place on the

24-
cylinder the perforated iron plate, fig. 25.

Put the capsule in the perforation. Let all rest thus

till the solution boils. Then put into the solution dry

powdered kitchen salt, and see if it dissolves in the

boiling solution. Watch the salt at the bottom to see

if it diminishes in bulk, and watch also the solution at

the top, to see if any change takes place there.

You will observe two results :
—

ist, That the addi-

tional salt does not dissolve
;
—2nd, That as the water

of the solution diminishes by evaporation, the salt previously dissolved

in it is reproduced in the solid form.

We now return to the solution of alum, which some time ago was
left to cool.

If it is cold, you will find that a portion of the alum is deposited in it

in the solid state.

We are enabled by these experiments to draw the following
—

* The teacher is supposed to be dictating, and the students to be per-

forming the experimen-ts ;
hence the peculiar phraseology of this section.
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Inferences respecting the Solyhility of Alum and Salt.

a. Alum dissolves in larger quantity in hot

water than it does in cold.

b. Kitchen salt dissolves equally well in hot

water and cold water.

You perceive in this difference of solubility a

chemical character whereby alum is distinguished

from kitchen salt.

EVAPORATION.
It is necessary to prove to you that when a hot

saturated solution of alum deposits a quantity of

solid alum upon becoming cold, it does not deposit

the whole of its alum.

Take a slip of window-glass an inch wide and

six inches long. Hold this by one end in a flat

position. Place upon it, near the other end, a

drop of distilled water, so as to make a mark about

half an inch in diameter, as I now show you, [see

the mark/ in the margin.]

Light your lamp, and warm the drop of water

over the flame till it all flies ofli'in steam. It will

leave no solid residue.

Upon the same glass slip, put a similar drop of

the clear . liquor that rests above the solid alum in

the solution bottle. Warm this drop over the

lamp till the glass is again dry. You will observe

that a solid white substance is left upon the glass where the drop of

solution was warmed. This solid white substance is alum.

In the operation of solution, a solid is made to disappear in a liquid.

In the operation just performed, the reverse is the case
;

for here a liquid

is made to disappear by means of heat, and the solid that was dissolved

in it resumes its visible form. This operation is termed evaporation.

PRECIPITATION.—TESTING.
You can prove by another experiment, that the supernatant liquor in

the solution bottle contains alum.

Take a conical test-glass and a glass rod. Pour into the glass a few

drops of the liquor from the solution bottle. Add to it Liquid Ammonia,
a few drops at a time, and stir the mixture with a glass rod after each

addition of ammonia. When, after being stirred, the liquor in the test-

glass smells of ammonia, enough of the latter has been added.^

* The young student must take care not to smell at ammonia incau-

tiously, as it may produce much pain.
E 2
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Observe that the effect produced by the addition of ammonia to the

liquor presumed to contain alum, is the production of a soHd substance

having a white colour and a gelatinous consistence, which sinks slowly
to the bottom of the test glass.

The substance thus produced is alumina, and its appearance proves

that the clear liquor above the crystals still contains alum.

This application of any given chemical substance to prove the

presence of another, by causing a particular phenomenon to take place,

is termed Testing. The substance thus added is termed a Test, some-

times a Reagent. When the yjroduct happens to be, as it is in this

case, a solid substance, the operation is caXl^di precipitation, the solid

produced thus, a precipitate, and the liquid employed to produce it, a

precipitant.
There is another test by which the presence of alum in the clear liquid

can be made manifest by precipitation.

Take a conical test glass and a glass rod. Pour into the glass a few

drops of the clear liquor resting above the crystals of alimi in the solution

bottle. Add to it a few drops of a clear solution of Chloride of Barium.

Stir the mixture with the glass rod. You will observe that a white

powder is produced. The chemical name of this powder is sulphate of

barytes.

DISSOLVING POWER OF DIFFERENT LIQUIDS.
Take a test tube of the form I now show you, in size about six inches-

long, and half an inch wide. Fill an inch of it with water. Put into

1

27.

it a piece of camphor the size of a pea. Light your spirit lamp. Hold
the tube near the mouth, by the thumb and second finger of the right

hand, close the mouth by the application of the forefinger. Hold the

bottom of the tube about three inches above the flame of the lamp.

Gradually bring it down till it touches the top of the flame. Keep it

there for one minute.

The closing of the tube by the forefinger must take place before you

apply heat. It is too late when the lieat is applied. The use of it is

to retain a certain quantity of air in the tube, above the liquid. This

air becomes condensed at the top of the tube, by the steam that is pro-

duced, and keeps the tube cold enough to be held by the fingers. But

if the forefinger is removed "for an instant, the air escapes, hot steam

rushes forth, and the tube is made too hot to be held.

The camphor will not dissolve in the hot water.

Pour off the water. Add to the camphor, as much strong spirit of

wine as fills an inch of the tube, and again expose it to a boihng heat.
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The camphor dissolves in the spirit of wine.

Add to the solution of camphor, in alcohol, twice its bulk of water.

Close the mouth of the tube with the forefinger ;
shake, the mixture

;

then let it settle.

You will observe that the camphor is precipitated, that is to say, is

reproduced in the solid state.

Hence camphor is insoluble in water, soluble in alcohol, but insoluble

in diluted alcohol.

Take a similar test tube. Put into it half the bulk of a pea of

pounded alum. Fill half an inch of the tube with alcohol. Boil the

mixture over the spirit lamp.
You will find that the alum will not dissolve.

Yet you found that alum dissolved readily in water.

Here, then, is a chemical difference between alum and camphor, in

respect to solubility. Alum dissolves in water, but not in alcohol.

Camphor dissolves in alcohol, but not in water.

You will observe that these experiments show it to be necessary, in

speaking of the solubility of a substance, to name the liquid in which it

is soluble
;
and in speaking of its solubility in any particular quantity of

the liquid, to name at what temperature the solution is effected, whether
at the usual temperature of the air, or at a boiling heat.

CRYSTALLISATION.

Take a flat glass plate. Put upon one end of it a drop, as large as a

sixpence, of the saturated solution of kitchen salt, prepared in a former

experiment (p. 50). Light your spirit lamp. Hold the drop of solution

over the flame till the edges of the drop begin to look white and dry,
then remove it from the flame and let it cool.

You will observe, that in proportion as the water flies off in steam,
the kitchen salt resumes the solid state, in the form of cubes or dice.

Take another glass plate. Put upon it a drop of the liquor produced
by cooling the hot solution of alum, prepared in a former experiment
(p. 49). Boil this drop of solution for an instant over the spirit lamp,
then remove it and let it cool.

You will observe that the salt will be deposited in the solid state, in

the form of square and triangular pyramids, larger in size than the little

dice deposited by the kitchen salt.

Take a bit of nitre, the eighth part of an inch in diameter. Powder
it, and put it on the end of a flat glass plate. Add a drop of water,
suflicient to spread as wide as a sixpence, over the nitre. [See letters

e and/ in the figure in p. 51.] Apply below it the flame of a spirit

lamp. The niti-e will soon dissolve and form a solution. Retain the

solution in a moderate heat till it begins to look dry at the edges.
Then remove it from the flame and let it cool.

You will observe that the salt will be deposited, in this case, under a
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form, differing both from that of the kitchen salt and of the alum. It

will appear like many masses of fibres, all radiating from centres, as do
the spokes of a wheel, or the bones of a lady's fan.

I recommend you to repeat these experiments at your leisure, upon
larger quantities of the three salts ; and for this purpose, I shall give you
the following directions :

—
Crystallisation of Kitchen Salt—Take half an ounce of kitchen

salt. Dissolve it in water, by grinding it with water in a porcelain

mortar, as was done in a former experiment (p. 50). Pour the solution

from the mortar into a glass tumbler, and let any solid matter settle to

the bottom. Then pour the clear solution into a

porcelain capsule of 4 inches diameter. Light a
small oil lamp,* containing sweet oil, and with the

wick cut so short, that it burns without smoking.
Put the furnace cylinder around the lamp, and the"

perforated iron plate upon the cylinder ;
fix the cap-

sule in the perforation.

The flame of the lamp should not be much more than half an inch

long, otherwise the heat will be too strong, and the evaporation too

rapid. The object to be gained, is to evaporate the water continually,
but slowly.

Kitchen salt being equally soluble in hot and cold water, it can only
be separated from its solutions by the evaporation of its water. The
slower this evaporation takes place, the larger and the more complete in

their form are the solid pieces of salt, the dice before spoken, which are

produced in the course of the process. The solid pieces of determinate

form thus produced in aqueous solutions, in consequence of the abstrac-

tion of part of the water, are in chemical language
termed crystals. They are geometrical figures, pos-

sessing a certain number of plane surfaces, and conse-

quently a certain number of edges and angles. The
form which is assumed by kitchen salt, when slowly

E5aifi:-^a separated from its solution, is that of the dice or cube

29. which I now show you.

' The above figure represents a stoneware oil lamp, useful for slow

J, evaporations, b represents the wick-holder. At the

upper part is a cup for collecting the oil that overflows

during the combustion, and for returning it, by the hole

^f a, into the lamp.
The annexed figure exhibits a mode of effecting a

slow evaporation : b is the lamp, c the wick-holder shown

apart,/ the perforated iron-plate, resting on the lamp

cylinder, and supporting an extra stoneware cylinder a.

The capsule containing the solution to be evaporated is

30* marked d.

%
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Crystallisation of Alum.—In the same manner as directed in the

})receding article, prepare and evaporate a solution of half an ounce of

alum. Be again careful to evaporate slowly, and do not allow the solu-

tion to boil. When the evaporation has been carried so far that a thin

film, or skin, begins to appear on the surface of the solution, you are to

remove the capsule from the lamp, and set it aside upon a tliick woollen

clotli or cushion to cooL

The film which appears upon a solution whett undergoing concentra-

tion by evaporation, marks the stage at whidi the hot liquor is perfectly
saturated with the salt, and at which, if deprived of any more of its

water, it will be^in to deposit a corresponding quantity of its salt At
such a stage, if the solution contains a salt less

soluble in cold water than in hot, it will, if allowed

to cool slowly, deposit in crystals a quantity of salt

equivalent to the reduction of temperature, and

these crystals will be the more perfect in propor- \

tion to the slowness with which the cooling is

permitted to take place. Now, alum is a sub-

stance of this character, and if its solution is

brought to a proper state of concentration, and

permitted to cool with a proper degree of slow-

ness, it will produce crystals bearing a resemblance to the figure which
I now show you

—a figure not unlike two Egyptian pyramids joined
base to base, and which in scientific language is called an octahedron.

It is an approximation, more or less near, to this form, which produces
the little square and triangular pyramids which appear when a drop of

solution of alum is evaporated upon a slip of glass (p. 53).
You find, therefcwe, in the result afforded by the careful crystallisation

of alum and kitchen salt, another character which serves to distinguish
these two substances from one another. Namely, that whereas the

faces of the crystals of alum are triangulai', those of the crystals of

kitchen salt are square ;
and that whereas a perfect crystal of alum pos-

sesses eight faces, a perfect crystal of kitchen salt possesses only six.

The first is an octahedron, the last a cube.

I showed you that when a hot solution of alum was cooled, a certain

quantity of alum was deposited, but not all that the water held in solu-

tion. This is a constant result in similar operations. The liquor left

above a mass of crystals produced by concentrating or by cooling a hot

solution, is, in all cases, still a cold saturated solution of the salt in

question ;
for only so much of the salt separates in crystals from the

cooling liquid as cannot be held in solution at the diminished tempera-
ture. Consequently, on pouring off" the liquor from a mass of crystals,
and again subjecting it to evaporation and to cooling, a second crop of

crystals can be procured from it. And by carrying as far as possible
this alternate heating and cooUng of the solution, you may separate in
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crystals nearly the whole quantity of the salt held in solution. The
technical term for a liquid poured off from a deposit of crystals, is the

mother-liquor.

By the solution, evaporation, and crystallisation of half an ounce of

nitre, performed exactly in the same manner as the last experiment with

alum, you will obtain crystals of nitre in long six-sided prisms.
A similar experiment made with sulphate of soda will produce crystals

that zxe four-sided prisms.
The evaporation of a drop of the solution of sulphate of soda upon

a flat glass plate, readily produces four-sided prisms, mostly so very
flat as to resemble knife-blades. In general they are radiated, but not

in so decided a manner as the crystals of nitre described in a former

experiment.

EFFLORESCENCE.
If you dry the crystals of sulphate of soda on the glass plate by

pressing a bit of paper upon them, and then expose them on the glass
to dry air for an hour, you will find that they will lose their trans-

parency, turn white, and fall to powder. This phenomenon is called

efflorescence. It occurs when crystals which contain water of crystallisa-

tion readily part with it to dry air. Most of the salts of soda are of

this kind.

DELIQUESCENCE.
Take half an ounce each of dry carbonate of potash and crystallised

carbonate of soda, both in fine powder. Expose them in two separate

weighed porcelain capsules to the free air for at least a day ;
then weigh

them again. The carbonate of soda will be found to have lost weight.
The carbonate of potash to have gained weight. The air of the atmo-

sphere takes waterfrom the carbonate of soda, or, as it is said, causes

it to
effloresce ; but it gives water to the carbonate of potash, or causes

it to deliquesce. Deliquescent salts are difiicult to crystallise and easy
to dissolve.

EFFERVESCENCE.
Take a conical test glass. Half fill it with water. Put into

it two pieces as big as a pea of chalk or of carbonate of soda.

Then add a few drops of muriatic acid. You will immediately
observe a sort of boiling up, w^hich in chemical language is

termed effervescence. This effect is produced by the produc-

tion, and escape through the water, of a quantity of gas.
If you perform this experiment with larger quantities of

materials than is mentioned here, it is proper to place the coni-

cal glass in the middle of a flat-bottomed glass capsule.

|_ I

In that case, when the acid boils over, it does not soil

the table.



SUBLIMATION. 67

SUBLIMATION.

Sublimation is a process by which volatile substances are converted

by heat into vapours, and by the withdrawal of heat again condensed

into solids. In small experiments under-

taken to prove that a substance will sublime

when heated in close vessels, or that, when
it sublimes, it produces a particular kind of

vapour, as respects its colour or smell, or

that it produces crystals: or in experiments
made to ascertain whether a substance is

volatile or not, or whether or not it can be

converted into a volatile substance
;

in these,

and many other analytical cases of sublima-

tion, it is now common to use no other appa-
ratus than a glass tube closed at one end,

and formed of very infusible glass. The
substance to be sublimed is placed at the 34.

bottom of the tube, and is then exposed to heat. The sublimate, if

any is produced, condenses upon the upper part of the tube, and ^"^
is there examined. The quantity of matter taken for such an f )

experiment need not in general be more than will lie upon this
^""^

figure.
^^*

These general directions will enable you to comprehend readily the

following experiments ;
—

1. Spread a small quantity of grossly-powdered gum-
benzoin on the bottom of a porcelain basin, invert over it

a glass tumbler, and apply to it a gentle heat by means of

the lamp-furDace : the gum will melt, and dense fumes will

immediately rise from it and deposit themselves on the

sides of the glass in beautiful silky crystals of benzoic acid.

2. Take a large glass jar, containing at its top a sprig of

rosemary or some such shrab, and invert it over a flat thick

piece of heated iron on which coarse powder of gum-ben-
zoin has just been spread

—
then, the benzoic acid which

rises, as in the preceding experiment, will be deposited on
the branches of the shrub, producing a singular and beau-

tiful representation of hoar frost.

3.
Put a little camphor on a tin plate. Invert a conical

test glass over it. Apply the heat of a spirit lamp below.

The camphor readily sublimes.

4. Put a grain of iodine into a small flask, or glass tube, and apply
heat. Splendid violet vapours of iodine soon fill the tube. When the

sublimation of iodine is effected slowly, crystals are formed.

5. Sublime a grain of cinnabar in a tube one-third of an inch wide.

37-
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6. Sublime a grain of calomel in a similar tube. These two mer-
curial compounds will be found to be less easily volatilized than cam-

phor, iodine, benzoic acid, and some other substances.

7. Put a grain of red oxide of mercury into a very small glass tube,
and apply heat till the red oxide is entirely volatilized. Metallic mer-

cury will condense on the sides of the tube, and oxygen gas escape at

the mouth.

DISCRIMINATION OF VEGETABLE, ANIMAL, AND
MINERAL BODIES.

A.—Some of the properties of Nitrate of Potash, as dis-

tinguished FROM Carbonate of Potash.

Prepare the nitrate of potash as follows :
—Take a test spoonful of it

in powder. Put it into a test tube half an inch wide by 3 or 4 inches

long ;
add two drachms of water, and apply heat by means of the spirit

lamp. If the solution thus produced is turbid, filter it through a small

paper filter, supported in a filter ring laid on a beaked tumbler. The
filter is not to be washed, nor the solution to be di-

luted.

I . Put a few drops of the solution of nitrate of

potash into a conical test glass. Add two or three

drops of nitric acid. There will be no effervescence,

and no visible change.
2. Put into a similar conical test glass, a

few" drops of a concentrated solution of car-

bonate of potash. Add two or three drops
of nitric acid. There will be a strong effer-

vescence, and a discharge of colourless in-

odorous c^bonic acid gas.

^ The test spoon is made of

^German silver. The bowl of it is

hemispherical, and about a quarter
of an inch in diameter. A test

spoonful is as much of fuiything as

can be conveniently hfted and carried in this spoon without spilling any
of it. I use this term instead of the more indefinite term, a " small

quantity'^ The handle of the test spoon is formed into a spatula, and

serves for mixing powders with fluxes, in blowpipe experiments, &c.
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3.
Put a few drops of the solution of nitrate of potash into a

conical test glass. Add two or three drops of a solution of nitrate of

lime. Stir the mixture with a glass rod. No change will take place.

4. Put into a similar conical test glass a few drops of a solution of

carbonate of potash. Add two or three drops of a solution of nitrate

of lime. Stir the mixture with a glass rod. An abundant white

precipitate will appear. Add a few drops of nitric acid, and again stir

the mixture. The white precipitate will effervesce and disappear.

5. Results of this Experiment.
—The st\ident is furnished with a

process by which he can always distinguish carbonate of potash from

nitrate of potash. The use of this will be shown presently.

B.'—Some of the Properties of Charcoal.

Light your spirit lamp. Take a bulb glass tube of this size : [repre-
sented by the engraving, fig. 42.] Hold it by the open end.

Warm it over the flame to dry it. Take a piece of charcoal the size of

a pea, that is to say, a ball of a quarter of an inch in diameter. Put it

42.

into the tube. Hold the tube with the thumb and middle finger of the

right hand in a horizontal position, or nearly so. Close the mouth of it

with your forefinger, and heat the bulb over the flame till the charcoal

becomes red hot.

1. Now observe,

That water appears upon the inner sides of the neck of the tube.

That the charcoal remains apparently unaltered.

2. Push a narrow slip of blue Utmus test paper into the tube so as to

become wetted bv the water.

Do the same with a slip of red litmus or of yellow turmeric test

paper.
Observe that the water expelled by heat from charcoal produces no

change in these vegetable colours. It is, in fact, merely hygroscopic
moisture, and is neither acid nor alcaline.

3. Take a small thin porcelain cup one inch in diameter, and fix it
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43.

4̂4.

upon a thin wire triangle over the flame of

a spirit lamp. Instead of the porcelain cup,

you may use a very short glass tube closed

at the bottom, or still better, a platinum

cup one-third of an inch or half an inch in

diameter. If the latter has a handle, it may
be held by means of the small tongs, p. 61.

If not it may be supported on a very thin

iron triangle.^

Into this vessel put a test spoonful of nitrate of potash.

Light the lamp and bring the nitrate of potash into full

fusion. Then, without removing the flame, add to the

melted nitre a few pieces, each as big as a pin's head, of the

charcoal that was previously heated in the glass tube. You will observe

that Deflagration takes place, that is to say, explosion accompanied

by fire, within the cup ;
and that the charcoal swims about red hot on

the nitre, and finally disappears.

4. When the porcelain cup is become nearly cold, half fill it with

water, and boil the water to produce a solution of the substance,

aflforded by the deflagration of the charcoal in the nitre. If you use a

platinum cup, it can be put into a glass tube and boiled with the water.

Filter the resulting solution in the manner described at Exp. A, page 58.

5. Put a few drops of this solution into a conic-al test glass. Add
two or three drops of nitric acid. There will be a strong effervescence.

6. Put a few drops of the solution into a conical test glass. Add
two or three drops of a solution of nitrate of lime. There will be a white

precipitate. Add to this two or three drops of nitric acid, and stir the

mixture with a glass rod. The precipitate now dissolveswith effervescence.

45-

* The fixing of the cup at a proper distance above

the flame, is effected by means of the retort hdder,
which consists of a perpendicular metal rod, a wooden

foot, and a horizontal arm of thin brass wire, ter-

minated at one end by a triangle, and at the other by a

coil, which runs on the perpendicular rod, and which
can be fixed at any height above the foot, by simple

pressure upon the triangle. The size of the triangle
can be diminished by smaller triangles of very
fine wire, bent as I now show you (fig. 46),
and placed across the larger triangle.

The porcelain cup can also be fixed above
the spirit lamp by means of the cylinder of

the lamp fiirnace. A flat iron top is put on.

the cylinder, and a fine iron triangle placed

upon it. The cup is then fixed in the triangle.
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7. Support a splinter of the same charcoal before the flame of the

blowpipe/ or near the edge of the

spirit lamp ; holding it on a piece
*

of platinum foil, or in a platinum

cup held spoon-fashion by means

of the platinum tongs. 47-

Observe that the charcoal bums without flame, gradually diminishes

in size, and finally disappears, except a very small quantity of a white

incombustible ash.

Result.—Experiments B, 3 to 6, in conjunction with Experiments A,
I to

5, prove that the deflagration of nitre with charcoal changes
Nitrate of Potash into Carbonate of Potash.

C.—Nature of Vegetable Bodies.

I . Take a piece of dry writing paper an inch square. Crush it up
into a lump the size of a pea. Put it into a glass tube, such as that in

^ The sort of blowpipe to be used in these experiments is repre-

sented in the following figure. For instructions as to the method of

xj

48.

using it, I refer you to my
" Treatise on Chemical Manipulation"

wherein I have treated comprehensively of the use of this instrument.

I make no apology for introducing the use of the blowpipe thus

early into an elementary course of experiments,
because I am persuaded that such a course cannot

be carried on cheaply and conveniently unless the

blowpipe is made to replace the furnace as often as

possible. Besides, there is no reason why the use

of this instrument ought to be deferred. The pre-
sumed difficulty of learning to use it is quite

imaginary, as I do not doubt it will be found by all .

who take the trouble to consult the work to which r,

I have referred. 49-

The lamp used for experiments with the blowpipe is represented iii

the margin (fig. 49).
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which you ignited the piece of charcoal, Exp. B. Take a shp of bhie

litmus test paper, and a slip of yellow turmeric test paper, and slightly

moisten both of them with clean water, by means of the water bottle,

page 31. Now ignite th^ piece of paper by holding the bulb of the

tube in the flame of the spirit lamp. As soon as you see a white

smoke in the tube, dip into it the blue test paper. After a moment
take out the blue paper and put in the yellow paper.

2. Observe, that the white paper heated in the tube is converted

into a black substance, preserving the same size and shape.

3. That a brown oily liquid is deposited on the sides of the tube.

4. That the blue test paper turns red, and that the yellow test paper
remains unchanged, in the volatile matter given off during the ignition.

5.
Fix a porcelain cup, by means of a wire triangle, ever the spirit

•

lamp. Melt in it three grains of nitre. Throw into the hot melted

nitre, part of the black substance produced by the charring of the paper
in the tube.

6. Observe that deflagration is produced, and that the black substance,

after swimming about in the nitre red hot, finally disappears, precisely

as the charcoal was observed to do in Exp. B, 3.

y.
Boil water in the porcelain cup to dissolve the salt produced by

the deflagration. Filter the solution without diluting it, and divide it

into two portions in conical test glasses.

8. Add to one portion a few drops of nitric acid, which will occasion

an effervescence.

9. Add to the other portion a few drops of a solution of nitrate of

lime, which will produce a white precipitate ;
then add a few drops of

nitric acid, and stir the mixture with a glass rod, whereupon the white

precipitate will effervesce and re-dissolve.

10. Support the remainder of the black substance before the blow-

pipe flame. Hold it upon platinum foil, or in the platinum cup. See

B,7.
J I. Observe that it burns away without flame, and leaves nothing

but a very small quantity of incombustible white ashes.

Inferences respecting the Nature of Vegetable Bodies, as exemplifiect

by these experiments on paper.

a. They contain charcoal. The proof of this fact is afforded by the

properties of the mixed black substance which is left when the

paper is ignited in close vessels.

h. They contain the elements of a volatile acid, which acid they

produce when subjected to the red heat in close vessels. This

acid is vinegar.
This experiment will also enable you to understand the nature of the

process by which vinegar is made from wood. Large iron vessels, fixed

in a furnace, are filled with wood, and then shut close, with the excep-
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tion of a pipe that is fixed into each of them. The fire is then lighted
in the furnace, and the iron vessels are made red hot. Vinegar issues

from the pipes, and when it is aH passed out, the iron vessels are

opened, and the wood is found to be converted into charcoal.

The vinegar thus produced is not in a pure state, but is mixed with

the brown oily liquid that you found to condense on the sides of the

glass tube during the ignition of the paper. It is freed from ih'is

liquid by subsequent operations.

D.—Nature of Animal Bodies.

1 . Take a dried cochineal insect, or a bit of a feather. Put it into a

glass tube. Prepare moistened slips of blue and yellow test papers.

Ignite the insect by holding the tube in the flame of the spirit lamp,
and put into the tube during the ignition, first the blue test paper, and

then the yellow test paper. The ignition need not last longer than one

minute.

2. Observe that the ignited insect is converted into a black substance

like charcoal.

3. That a brown oily liquid is deposited on the sides of the tube.

4. That there is a strong smell of burnt oil and hartshorn.

5.
That the blue test paper remains unaltered, and the yellow test

paper turns brown.

6. Fix a porcelain cup upon tJie wire triangle over the spirit lamp.
Melt in it three grains of nitre. Throw into the melted nitre part of

the black substance produced by the ignition of the cochineal.

Observe that deflagration is produced, and that the black substance

disappears.

7. The product of the deflagration, if dissolved and filtered will be

found, by the process formerly given, section C, Nos. 7, 8, 9, to con-

tain carbonate of potash.
8. Hold the rest of the black substance in the platinum spoon before

the blowpipe flame.

Observe that it burns away without flame, and leaves only a very
small quantity of white ashes.

9. Inferences respecting the Nature of Animal Bodies, as exempli-

fed hy the cochineal insect.

a. They contain charcoal.

h. They contain the elements of a volatile alcali, which alcali they

produce when subjected to a red heat in close vessels.

These experiments enable you to understand the nature of the process

by which spirits of hartshorn is made.

Hartshorn, or more commonly the bones of animals, is ignited in

iron vessels, shut quite close, with the exce})tion of a pipe to carry oflT

gases. What passes out of the vessels during the ignition, is the

volatile alcali, ammonia, in company with the brown oil which in your
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experiment is deposited on the sides of the glass tube. Spirits of

hartshorn is just such a mixture. The volatile alcali, ammonia, is

spirits of hartshorn deprived of its brown oil.

The fetid smell produced in your experiment, arises not so much
from the alcali, as from the brown oil, which contains a variety of
odorous compounds.

The fixed matter that remains in the iron vessels, after this opera-
tion, is of a black colour. It is ground into powder, and sold under
the name of bone black, or animal charcoal. When»ignited in the open
air, this black substance burns away partly, and leaves a white residue,

commonly called bone ash. The part that burns away is charcoal. The
white residue is phosphate of lime. This is the solid matter of all

bones, but is not a component part of flesh.

E.—I do not intend to pursue the Analysis of Organic Bodies any
farther

;
but the following facts I beg you to bear in recollection :

—
1 . A substance that gives off volatile matter when ignited in a glass

tube, and leaves a charred residue that deflagrates with melted nitre,

is almost invariably of organic origin.
2. If the volatile matter disengaged during the ignition turns blue

litmus red, the substance is almost always of vegetable origin.

3. If the volatile matter turns yellow turmeric brown, the substance

is almost always of animal origin, or if not so, it is one of those vege-
table bodies that contain nitrogen.

4. A substance that does not char when ignited in a glass tube, nor

give off volatile matter, nor deflagrate with melted nitre, is certainly
derived from the mineral kingdom.

5. If a substance chars in a tube, gives off volatile matter, and affords

a residue that deflagrates with nitre, yet will not burn entirely away
when heated in a platinum cup in free air, then it consists partly of an

organic, and partly of an inorganic substance
; as, for example, of a

vegetable acid combined with an earth, or of a metallic acid combined
with a vegetable alcali.

6. Several mineral bodies give off" water in the tube, or turn black

when heated, or deflagrate with nitre, or bum entirely away in the open
air; but no single mineral substance can exhibit all the phenomena
which have been described, as characteristic of organic bodies.^

*
Substances to be given as Exercises on this Experiment.

—The
teacher may give the student small quantities of some of the following
substances for examination according to this process. Alum, salt, chalk,
red lead, starch, ground rice, gum kino, peroxide of manganese, pounded
charcoal, sulphur, acetate of lead, fibres of asbestus, fibres of cotton,

fibres of silk, acetate of copper, with any kind of dried vegetable or

animal substance.
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QUALITIVE ANALYSIS OF SALTS.

I PROPOSE to give in this section a Couese of Testing adapted for

beginners. The course may be followed by a single student, using the

book as his guide ; but the experiments are such as can also be per-
formed by a large number of students, each provided with a set of

apparatus, and all working simultaneously, under the direction of a

teacher.

The object proposed is to analyse a certain number of the compound
bodies termed Salts, embracing those of the most important Acids,

Alcalies, Earths, and Metals
;
and in order that the solution of the

problem may not be rendered too difficult, only such salts are to be taken

as will dissolve in water.

SUBSTANCES TO BE SOUGHT FOR.»

The instructions now to be given apply only to compounds which
dissolve in water, and which contain no other metalsy and salts of no

other acids, than those I am about to name :
—

These Metals—
1. Potassium.

2. Sodium.

3. Ammonium.

4. Barium.

5. Strontium.

6. Calcium.

7. Manganese.
8. Iron, protosalts.

9. Magnesium.
10. Cadmium.
11. Bismuth.

12. Zinc.

13. Tin, protosalts.

14. Aluminum.

15. Lead.

16. Tin, persalts.

17. Antimony.
18. Mercury, proto-

salts.

19. Cobalt.

20. Copper.

21. Nickel.

22. Chromium.

23. Iron,

mixtures of

persalts with

protosalts.

24. Mercury, persalts,

25. Gold.

26. L'on, persalts.

27. Silver.

And these Classes of Salts—
1. Nitrates.

2. Chlorates.

3. Chlorides.

4. Iodides.

5. Arsenites.

6. Sulphides.

7. Fluorides.

8. Phosphates.

9. Arseniates.

10. Borates.

11. Oxalates.

12. Carbonates.

13. Sulphates.

14. Chromates.

* From this point the text may be read as instructions to thoye who
are to make the experiments.
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Any single salt, soluble in water, and containing one of these 27
metals and one of the acids of these 1 4 classes of salts, can be analysed

by the method now to be described.^

* The teacher who gives out the salt to be examined takes care that

these conditions are fulfilled, that the salt is pure, and that it contains

no other substances than those I have enumerated.

Free acids and bases should not be given to pupils until they have

had some experience in the testing of salts
; because, in many cases, they

do not, until neutralized, act towards the reagents in the same manner as

their respective salts. And when they are for the first time given to

the pupils, notice should also be given that free acids and bases may be

found among the substances given for analysis.

LIST OF THE APPARATUS REQUIRED BY EACH
STUDENT FOR THIS SET OF EXPERIMENTS.

a. Apparatus for Indicating Tests.

Small porcelain pestle and mortar.

Test spoon (German silver).

Flat-bottomed flask, to hold i or

2 ounces of water.

Pipette graduated to 25 septems.
Glass spirit lamp.

,
Cotton wick for lamp in a box.

Small brass tongs to trim the wick.

Lamp furnace cylinder with holes.

Trellis top for lamp furnace.

Box with ICO circular filters 2-|

inches diameter.

Filter-ring to hold the filter over a

test glass.

Water bottle to supply w^ater to

tubes.

Glass funnel and support.
2 straight pipettes, small size.

8 conical test glasses with spout.
8 glass stirrers, 3 inch.

Rest for stirrers and pipettes.

Boiling tube, 6 inches by i inch.

Handle to hold the boiling tube

while hot.

Book of red litmus test paper.
Book of blue litmus test paper.
Pair of tubes for testing with

sulphuretted hydrogen.

9 capped bottles with pipettes (fig. 6, p. 33), about 2 oz. size, contt\in-

ing solutions of the following tests :
—
Nitrate of Silver.

Nitrate of Lead.

Chloride of Calcium.

Nitric Acid.

Carbonate of Soda.

Liquid Ammonia.
Caustic Potash.

Red Prussiate of Potash.

Nitrate of Barytes.

2 wide-mouthed stoppered bottles with the following dry tests :-

Sulphide of Calcium.
| Bisulphate of Potash.

h. Apparatus for Confirming Tests.—See page 83.
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That you may have an idea of the compounds with which you must

expect to meet, I now show you a list of salts, acids, and bases, that

may be presented to you for analysis.

Nitrate of

1. Potash.

2. Soda.

^.
Ammonia.

4. Barytes.

5. Strontian.

6. Lime.

7. Magnesia.
8. Cadmium.

g. Bismuth.

10. Zinc.

11. Tin, prot-
oxide.

12. Alumina.

13. Lead.

14. Tin, per-
oxide.

15. Mercury,

protoxide.
16. Cobalt.

17. Copper.
18. Nickel.

19. Chromium.

20. Mercury,

peroxide.
21. Silver.

Chlorate of

22. Potash.

23. Barytes.

24. Lime.

25. Silver.

Chloride of

26. Potassium.

27. Sodium.
28. Ammonium.

29. Barium.

30. Strontium.

Chloride of

31. Calcium.

32. Manganese.

33. Iron, proto.

34. Magnesium.

35. Cadmium.

36. Bismuth.

37. Zinc.

38. Tin, proto.

39. Aluminum.

40. Tin, perch.

41. Antimony.

42. Cobalt.

43. Copper.

44. Nickel.

45. Chromium.

46. Iron, mixed

per- and pro-
tochloride.

47. Mercury,

perchloride.

48. Gold.

49. Iron, perch.

Iodide of

50. Potassium.

51. Sodium.

Arsenite of

52. Potash.

53. Soda.

Sulphide of

54. Potassium.

55. Sodium.

56. Ammonium.

57. Barium.

58. Calcium.

Fluoride of

59. Potassium.

60. Silver.

Phosphate of

61 . Soda.

62. Ammonia.

Arseniate of

63. Potash.

64. Soda.

Borate of

65. Potash.

66. Soda.

67. Ammonia.

Oxalate of

68. Potash.

69. Soda.

70. Ammonia.

Carbonate of

71. Potash.

72. Soda.

73. Ammonia.

Sulphate of

74. Potash.

75. Soda.

76. Ammonia.

77. Manganese.

78. Iron, proto.

79. Magnesia.
80. Cadmium.
81. Bismuth.

82. Zinc.

83. Alumina.

84. Col^alt.

85. Copper.
86. Nickel.

•

Sulphate of

87. Chromium.
88. Iron, per-

and proto-
salts mixed.

89. Iron, perox.

Chromate of

90. Potash.

91. Soda.

Free Bases,
soluble in water,

92. Potash.

93. Soda.

94. Ammonia.

95. Barytes.

96. Strontian.

97. Lime.-

Free Acids
in aqueous
solution.

98. Nitric.

99. Chloric.

100. Muriatic.

1 01. Hydriodic.
102. Arsenious.

ic^. Sulphuret-
ted Hydro-
gen.

104. Hydro-
fluoric.

105. Phosphoric.
106. Arsenic.

107. Boracic.

i®8. Oxalic.

109. Carbonic.

no. Sulphurc.
III. Chromic.

¥ 2
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PREPARATION OF A SOLUTION OF THE SALT.

You are now supposed to be furaished with a set of resting apparatus,
with reagents, and with a salt intended to be analysed.* You are there-

fore ready to proceed.
The first thing you have to do is to make a solution of part of the

substance for analysis.

Pulverize your salt in the small porcelain mortar, till it feels no longer

gritty between the finger and thumb. Put the half of the powder upon
the end of a slip of glazed writing-paper, and insert it, as I now show

you,* into a one-ounce or two-ounce flat-bottomed solution flask. Next,

pour into the graduated measure one drachm of water. Add this to

the powder in the flask. Be sure not to spill any of the water on the

outside of your flask, or if you do spill it, be sure and wipe the flask dry.

* Advertisement to Teachers.—The quantity of dry salt supplied for

the first experiment may be lo grains to each pupil ;
one half to be

used in forming a solution for examination by the Indicating Tests
;
the

other half to be kept in the solid state for examination by the Blowpipe,
or by the Confirming Tests. The salt may be also presented upon the

first occasion in its crystallised state, in order that the beginner may
have the advantage of any information he can derive from the physical

properties of the substance. In subsequent experiments, the quantity of

the salts should be gradually reduced from lo grains to i grain, and it

should be presented in fine powder.
In some cases, and perhaps generally after the first two lessons, the

compounds for examination may, in order to save time, be presented to

the class in a state of solution, each pupil being furnished with a small

bottle containing one or two drachms of the liquid that is to be tested.

In this case, the teacher or his assistant prepares the solution previous
to the assembhng of the class, observing the precaution of making the

solutions of the same strength that they would have been had they been

prepared by the class individually, according to the instructions given in

the text.
* Method of inserting povoders into deep narrow vessels.—Take a long

slip of highly-glazed writing-paper, as wide as the diameter of the

mouth of the vessel into which the powder is to be inserted. Fold this

longitudinally into a sort of gutter, and place the powder upon one end

of it. Hold the vessel in a horizontal position, and insert the paper

gutter into it, the end bearing the powder first. Then hold the vessel

upright, upon which the powder falls from the paper to the bottom of

the vessel. Withdraw the paper in such a manner as not to soil the

deck of the vessel.
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As the half of your salt is 5 grains, and the drachm of water is 60

grains, your solution will contain i in 1 2 of solid matter, which is a

good proportion for most solutions.^

Light yom- spirit lamp.* Push down the Avick till the flame is not

above an inch long. Hold the flask over the flame. Move it gently
round in a small circle about an inch above the flame, so as to warm
all parts of its bottom, and to mix the powder with the water by the

gyration. You will soon see dew formed on the bottom of the flask.

Wipe the dew away with a cloth. Again hold the flask over the flame.

Again wipe off' the dew.

Now place the furnace cylinder round the lamp
—

put the wMre trellis

upon the cylinder, and set the flask upon the trellis, exactly over the

flame. Lift the flask about once a minute, and gently shak3 it round,
to mix the powder with the water. A^ you have different salts to

' To the Teacher.—As you lessen the quantity of solid matter, you
must prescribe the application of less water, else the solutions will

become too dilute. The proportion of i to 1 2 may serve as a general

rule, though sometimes more water is necessary.
* When this lesson is to be taught to a number of students, and gas

is at command, spirit lamps may be economically dispensed with.

A long plank, about a foot broad (or two feet broad if the locality

permits it),
and two inches thick, is supported horizontally with the

surface at 33 to 36 inches above the floor. A gas-pipe is fixed upon
the centre of the upper side of this plank, and runs its whole length.
At 1 8 inches distance from each other there are upright jets rising from

this gas-pipe, the whole of which are under the control of the teacher,
who stands at one end of the plank, where there is a stop-cock to regu-
late the issue of the gas

—
A 2 4 c

P

50.

The lines A B C D represent the upper surface of the plank. P is

the gas-pipe running down its centre; g g g g g represent the jets of

gas. T is the position of the teacher, who is able to see everything
that is transacted the whole length of the board. The pupils who are

to be exercised in experimenting, stand on both sides of the board,
one opposite to every gas-light, as shown by the numbers i, 2, 3, 4, 5.

If stoneware furnaces (fig. 2i, p. 49) are to be used to support vessels

over the gas jets, the long gas-pipe must be sunk into the surface of the

plank ;
or it may be affixed to the under surface of the plank, and the

jets be passed up through the plank. Each jet may also be provided
with a separate stop-cock, where the cost can be afforded.
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examine, your solutions will not all be produced in the same time, for

^ome salts require more water than others, and more time to dissolve.

What I have now to say will therefore concern only some of you. In

three or four minutes the water will boil, and if present in sufficient

quantity will dissolve the salt. But if the salt, after two or three

minutes' boihng, does not dissolve, you must remove the flask from the

lamp, let the boiling cease, insert a funnel into the flask, and add half a

drachm more water. Then boil again.

The solution being thus effected is next to be filtered. Extinguish
the flame

;
let the solution cool

; and, in the meantime, prepare your
filter.

Take a funnel-holder. Fix the horizontal branch of it at six inches

above the foot. Put into the horizontal branch a glass funnel of i^
inch diameter. Take a circular filter of 2| inches diameter. Fold it

^GZ

id

V E
)^

5J.

into a quadrant. Open one of the folds so as to make a cone. Place

it in the funnel, and sprinkle water over the paper by means of the

washing bottle, till it is made wet enough to sit close to the bottom of

the funnel. There must be a space of one-eighth of an inch between

the top of the filter and the edge of the funnel
;

that is to say, the filter

must be so much smaller than the funnel. Place a conical ounce test

glass below the neck of the funnel, as I now show you. [See the cut.]

Now pour the solution from the flask into the filter. Take c^re not to

pour in so much at a time as to rise above the top of the filter. When
the solution is all run through the filter into the test glass, you have it

prepared for testing.

-.^j^^fi.
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CLASSIFICATION OF TESTS.

I divide Tests into two Classes. The First Class comprises those

which are most general in their reactions, and which, on being applied
in proper order to the solutions prepared for testing, serve to indicate

the metals and acids which probably compose the compounds subjected

to analysis.
The Second Class comprises those more particular tests which on

being applied to a compound presumed, from the action of tests of the

first class, to be composed of certain constituents, ser\"e either to confirm
or to disprove the presumed composition of the substance submitted to

analysis.

The first class are called Indicating^ Tests ; the second class Confirming
Tests.

I.—INDICATING TESTS.

I shall begin with the Indicating Tests, which are of two kinds, such,

namely, as serve to point out the metals contained in the salts, and such

as point out the acids.

A.—TESTING FOR METALS.

The application of tests always commences with the application of

the Indicating Tests for Metals. These are five in number, namely :
—

1 . Carbonate of Soda.

2. Liquid Ammonia.

3. Caustic Potash.

4. Red Prussiate of Potash.

5. Sulphuretted Hydi'ogen Gas.

The first four of these tests you have ready in solution
;
the last you

will prepare at the moment when it is required. I proceed to tell you
how these tests are to be applied.

Experiment i.—Pour six drops of the solution of the

unknown salt into a conical test glass, fig. 52. Add to

it three drops of Carbonate of Soda. Stir the mixture
with a glass rod. If no precipitate appears, add three

drops more of the carbonate of soda. Again stir the

mixture.

You will get A PRECIPITATE Or NO PRECIPITATE. In

either case, you are to record the result on the Assay 5T
Note, which I now hand to you, and upon which you will find direc-

tions for filling up the blanks. 1

' To Teachers.—The Assay Note affords an easy and eflfectual check
on the pupil's carefulness of manipulation and power of observation. A
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If Carbonate of Soda produces no precipitate, the metal contained in

the salt is one of these three :

No. I. Potassium.

2. Sodium, or

3. Ammonium.
Tn this case, you need apply none of the other Indicating Tests to your
solution, for they can give no farther information. You will discriminate

these three metals by means of the Confirming Tests, of which I shall

speak after going through the set of indicating tests.

If, on the contrary, the carbonate of soda produces a precipitate, you
write P on the Assay Note, and then proceed to apply the next test to

your solution. The colour of the precipitate produced by carbonate of

soda is of no importance in the present case, and need not be marked
on the Assay Note.

Experiment 2.—Pour six drops of the unknown solution into another

test glass, and add six drops of Liquid Ammonia. Stir the mixture.

If no precipitate is produced, the metal contained in the salt is

No. 4. Barium.

5. Strontium, or

6. Calcium.

How to discriminate these three metals, I shall show you hereafter by
means of Confirming Tests. You can get no farther information re-

specting any of them from the Indicating Tests.

If, however, you get a precipitate with Liquid Ammonia, you write

P on your Assay Note, and proceed to the next reagent. In the

present case, as in the last, the colour of the precipitate need not be

marked on the Assay Note.

contrivance of this kind is quite essential when the number of pupils is

so considerable that the teacher cannot readily see what every one of

them is doing. Suppose that 20 students are engaged in simultaneous

Testing. They are furnished with 20 different substances selected from

the list given at page 67, and numbered i to 20. They are also

provided with printed copies of the Assay Note, which at the conclu-

sion of the Lesson are returned to you, duly filled up and subscribed by
the 20 different analysts. As you know beforehand what ought to be

written in every vacant space of each Assay Note, it is, of course, easy
to check either an inaccurate experiment, or an erroneous deduction.

The superintendence of such a class, and the examination of the Assay
Notes, can be intrusted to an assistant, provided he be furnished with a

set of Assay Notes, filled up to correspond with the indications that

would be afforded by all the substances enumerated at page 67.
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ASSAY NOTE, No.

TESTS FOR THE METAL.

Carbonate of Soda



74 I>'DICATING TESTS FOE METALS.

Experiment 3.
— Pour six drops of the unknown solution into an

ounce-test glass. Then take a quantity (one or two fluid drachms) of

Caustic Potash in a dropping tube such as I now show you. Hold the

dropping tube in your left hand, and let the potash fall,

one drop at a time, into the solution under analysis. Stir

the mixture with a glass rod after each addition of potash.
You will, in tliis case, 1)6 sure to get a precipitate, and

you have two things to observe in respect to it—first, what
colour it has, and secondly, whether, subsequent to its first

production by means of a small quantity of potash, it can

be dissolved, or made to disappear, by adding a larger

quantity of potash.
The colours of the precipitates produced by caustic

potash are white, black, blue, green, yellow, and brown. The
white precipitates are distinguishable into two varieties;

those which dissolve in an excess of potash, and those which

do not.

Although it is impossible to apply potash at this stage
of the analysis without causing precipitation, yet it is very

possible to add, in carelessness, too much of the potash at

once, and so to render, the resulting precipitate invisible at

the instant of its production. This is the reason why I

tell you to add the potash gradually, that you may see the

precipitate when first produced, and notice its colour before it is re-

dissolved.

Fill up your Assay Notes according to what you observe, wTite P for

precipitate, then the name of the colour, and add S when the precipitate

is soluble in an excess of the potash.
I proceed to notice the different kinds of precipitates produced in this

experiment, beginning with those of a white colour.

The white precipitates that are insoluble in an excess of potash indicate

these five metals :
—

No. 7. Manganese.
8. Iron, its protosalts.

9. Magnesium.

No. re. Cadmium.
II. Bismuth.

I have now to tell you how to distinguish these five metals from one

another.

Experiment 4.
—Take six drops of the unknown solution in a test

glass, and add two or three drops of a solution of Red Prussiate of
Potash.

A Brown precipitate indicates Manganese.
A Blue precipitate indicates Protosalts of Iron.

No precipitate indicates Magnesium.
Any other precipitate is to be disregarded.
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This leaves Cadmium and Bismuth undiscriminated.

Fill up your Assay Note, arid proceed to the next test.

Experiment 5.
—Take a few drops of the solution in a test glass, and

add to it a drop or two of nitric acid. Dip into the mixture the end of
a small glass tube, b, fig. 54, so as to take up a small film of the liquor.

54.

Expose this to the action of Sulphuretted Hydrogen Gas as follows :
—

Mix together one part of a Sulphide of Calcium, and three parts of

Bisulphate of Potash, and insert the mixture into a small glass tube, in

the manner shown by fig. 54 a. The figure shows the size of the tube

and also the quantity of salts necessary to be used. Put the tube h

into its place, warm the mixture at a, by holding the tube over a flame,

or by putting it for a moment into your Hiouth. Then blow gently into

the tubes at the end c.

Sulphuretted hydrogen gas will be disengaged from the mixed salts

in the tube a, will act upon the solution at the end of I, and throw a

coloured precipitate on the sides of that tube.

Under the given circumstances the colour must be either yellow or

black.

Yellow indicates Cadmium.
Black indicates Bismuth.

Experiment 6.—The White precipitates which were produced by
caustic potash, and re-dissolved by an excess of that test, indicate six

metals, namely :
—

No. 12. Zinc.
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Experiment 8.—The Black precipitate produced by potash indicates

No. 1 8. Mercury, its protosalts.

Sometimes, however, potash produces a slight black precipitate with

Gold. These black precipitates can be discriminated thus :
—

To a fresh portion of the unknown solution, add a few drops of

JRed Prussiate of Potash.

A Red-hrown precipitate indicates Mercury,
No precipitate indicates Gold.

Experiment 9.
—The Blue precipitates produced by potash indicate

No. 19. Cobalt, and

20. Copper.
These two metals are discriminated

^
as follows :

—
I'our both the solution and the precipitate into a small flask, or a

test tube,' and boil the mixture over the spirit lamp till the precipitate

changes colour.

If it turns Red, the metal is Cobalt.

If it turns Black, it is Copper.

Experiment 10.—The Green precipitates produced by potash indi-

cate three metals, namely :
—

No. 21. Nickel.

22. Chromium, and

23. Iron, mixtures of persalts with protosalts.

^ Most solutions of

cobalt have a red colour.

Those of copper are blue

or green.
* The annexed figure

represents a tube-holder,
an instrument by which
a tube or small flask can

be readily supported over

a spirit-lamp flame, when
a solution is to be boiled.

The arm that holds the

tube moves round in the

socket that is affixed to

the upright rod, so that

the tube can be held in

any desired position.
Another holder for

tubes and flasks is shown
on page 77. .
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You discriminate these three metals as follows :
—

To a fresh portion of the unknown solution, add a few drops of a

solution of Red Prussiate of Potash.

A Yellow-green precipitate indicates Nickel.

No precipitate indicates Chromium.

A Light-blue precipitate indicates Iron.

Experiment 1 1 .
—The Yellow precipitates produced by potash indi-

cates two metals, namely :
—

No. 24. Mercury, persalts.

25. Gold.

These are discriminated thus :
—

To a fresh portion of the solution, add a few drops of a solution of

Bed Prussiate of Potash.

A Yellow-:red precipitate indicates Mercury.
No precipitate indicates Gold.

No precipitate however also indicates the Perchloride of

Mercury.
The discrimination of Perchloride of Mercury from Gold, I shall show

you how to effect, when I come to speak of the confirming tests.

Experiment I2.—The Brown precipitates produced by potash indi-

cate two metals.

No. 26. Iron, persalts.

27. Silver.

These you discriminate as follows :
—

To a fresh portion of the solution, add a few drops of a solution of

JRed Prussiate of Potash.

No precipitate indicates Persalts of Iron,

A Brown precipitate indicates Silver.

Thus far we have considered the reactions of the Precipitants which
indicate the metals or bases of the salts we are examining. I proceed
next to specify the reactions of the Precipitants which indicate their

ACIDS.

O
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B.—TESTING FOR ACIDS.

The number of Indicating Precipitants for Acids is four. Their

names are—
1 . Nitrate of Barytes.
2. Nitrate of Silver.

3.
Nitrate of Lead.

4. Chloride of Calcium.

These you have already in solution, and you are to apply them in small

quantities of 4 or 5 drops at a time, to similar small quantities of the

unknown solution contained in separate test glasses, in the same manner

as you applied the indicating precipitants for the metals.

The results of the testing you will carefully mark down upon the

Assay Note as you proceed.

Experiment 13.
—First of all, you take in a test glass a few drops of

the unknown solution, and add to it a few drops of the solution of

Nitrate of Barytes.
You will observe one of three results, to wit—
No Precipitate.

A White Precipitate.
A Yellow Precipitate.

Experiment 14.
—The salts which give no precipitate with Nitrate of

Barytes, are of six kinds, namely :
—

No. I. Nitrates.

2. Chlorates.

3. Chlorides.

No. 4. Iodides.

5. Arsenites.

6. Sulphides.
To discriminate these from one another, you take a fresh portion of the

solution, and test it with the solution of Nitrate of Silver.

No precipitate indicates Nitrates and Chlorates.

A White precipitate indicates Chlorides.

A Blox^k precipitate indicates Sulphides.

Any other precipitate is to be disregarded.
The Indicating Tests can give you no ferther information conducive to

the discrimination of Nitrates from Chlorates. I shall hereafter show

you how to effect this discrimination by means of confirming tests.

Experiment 15.
—The Iodides and Arsenites are to be discriminated

thus :
—You test a fresh portion of the solution with a few drops of a

solution of Nitrate of Lead, and notice the colour of the precipitate ;
—

Yellow indicates Iodides.

White indicates Arsenites.

Experiment 16.—The salts which give a white precipitate with

Nitrate of Barytes, are of seven kinds, namely
No. 7. Fluorides.

8. Phosphates.

9. Arseniates.

10. Borates.

No. II. Oxalates.

12. Carbonates.

13. Sulphates.
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To proceed in the discrimination of these seven classes of salts from

one another, you are to mix the solution which contains the white

precipitate with a few drops, or not more than its own bulk, of Nitric

Acid, and to stir up the mixture with a glass rod. This process

separates the white precipitates into three classes, to wit :
—

Those which dissolve in nitric acid without effervescence.

Those which dissolve in nitric acid with effervescence.

Those which do not dissolve in nitric acid.

Experiment 17.
—The white precipitates which are produced by

Niti-ate of Barytes, and which dissolve in nitric acid without effervescence,

and are accordingly denoted in your Assay Note—by P white S—
indicate five salts, namely :

—
Fluorides. Borates.

Phosphates. Oxalates.

Arseniates.

To distinguish these from one another you are to test a fresh portion
of the solution with Nitrate of Silver.

No precipitate indicates Fluorides.

A Yellow precipitate indicates Phosphates.
A Brown precipitate indicates Arseniates.

Any other precipitate is to be disregarded.

Experiment 18.—Take in an ounce conical test glass two drops
of the unknown solution, and add one di*op of the solution of Chloride

of Calcium. You will see a white precipitate, let whatever will be

present. Now by means of the water bottle, page 31, slowly add
distilled water to the mixture under continual stirring, till the precipitatjB

dissolves, or till the test glass becomes nearl}- full.

If the precipitate is soluble, the salt is a Borate.

If it is insoluble, the salt is an Oxalate.

The white precipitates which are produced by Nitrate of Barytes, and
which dissolve in nitric acid vnth effervescence, and are accordingly
denoted in your Assay Note—by P white S eff.—indicate Carbonates.

The white precipitates which are produced by Nitrate of Barytes, and
which do not dissolve in nitric acid, indicate Sulphates.

The yellow precipitates which are produced by Nitmte of Barytes
indicate

No. 14. Chromates.
Such are the reactions of the indicating tests for acids.

I shall now present you with a synoptical view of these Indicating
Tests, arranged in two separate Tables, one of them showing the

precipitants for Metals, the other the precipitants for Acids.
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INDICATING PRECIPITANTS FOR METALS IN SALTS.
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INDICATING PRECIPITANTS FOR ACIDS IN SALTS.
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The interpretation must be as follows :
—

Carbonate of Soda = P., shows that the metal is not one of the

three first of those on the list of components given at page 65.
Amrmnia = P., shows that the metal is not one of those from No. 4

to No. 6 in that list.

Potash = P. brown, shows that the metal is either Iron, No. 26, or

Silver, No. 27. See Exp. 12, p. 77.
Red Prussiate of Potash = P. brown, shows finally that the metal is

Silver*

Next, as to the Acids—let your Assay Note read thus :
—

Nitrate of Barytes ....
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CONFIRMING TESTS.

When you have applied the set of Indicating Tests, and imagine that

you have detected both the base and the acid of your salt, it is proper
to make use of the Confirming Tests, in order to convince yourself that

there is no mistake.

These tests also are unavoidably necessary whenever you have to do

with a nitrate, a chlorate, an alcali, or an alcaline earth—all of which

compounds are left undiscriminated by the Indicating Tests which we
have employed.
To guard against the possibility of error, the rule is good, to test the

unknown substance, or its solution in water, with as many different pre-

cipitants, or by as many different experiments as you can conveniently

employ
—

paying especial attention to the action of such tests as serve

to distinguish the particular elements of your compound from such other

elements as most nearly resemble them.

The set of Confirming Tests that I am about to give you, applies only
to simple soluble salts, not to mixtures of salts, nor to impure salts, nor

to salts that are insoluble in water, or that contain other metals or

acids than those that were enumerated at the beginning of these Instruc-

tions (page 65).

Finally, these Confirming Tests presuppose the use of the Indicating
Tests. They are consequently Confirming only when taken in conjunc-
tion with the reactions of the Indicating Tests. The reason of this is,

that all the characteristics necessary to fix the identity of the different

acids and bases are, for the sake of brevity, not brought into this

section
;
but only so many as are necessary to accomphsh the parti-

cular end in view, namely, that of discriminating the substances con-

tained in the Umiting Table given at the beginning of these Instruc-

tions. (See page 65).

Consequently, you are always to begin an analysis with the Indicat-

ing Tests, and conclude it with the Confirming Tests.

APPARATUS FOR CONFIRMING TESTS.

The apparatus here cited is required for performing the Confirming
Tests of this section. It is not necessary in teaching a Class, to supply
each student with a complete set of this apparatus, because the same sub-
stances need not be given to all the students at the same time. Each
set of apparatus for the Confirming Tests may suflace for four or six

pupils.

02



84 CONTIEMrN'G TESTS FOE METALS.

Porcelain cup i inch diameter.

Kound Retort Stand, with i ring
and I triangle.

Blowpipe.

Blowpipe Lamp on support.
2 Platinum Blowpipe wires.

2 Slips of Platinum foil for the

Blowpipe.
Platinum pointed tongs, fig. 6o.

Thin Copper wire for Blowpipe

Experiments.
Box of Oxidating Pastiles.

Box of Reducing Pastiles.

3 Wires for holding Blowpipe
Pastiles.

Hammer.
Steel Anvil.

3 Tubes for sublimations, hard

glass, 2 inches by -J inch.

Box of Books of Test papers.

Support to show sublimates

before the blowpipe.

Blowpipe Fluxes in boxes :
—

Borax.

Carbonate of Soda.

Microcosm ic Salt.

Bottle for solution of Cobalt,

with pipette or long stopper.

Bottles for Reagents in solution,

2 oz. size, with stoppers, con-

taining :
—

Yellow Chromate of Potash.

Red Chromate of Potash.

Yellow Prussiate of Potash.

Sulphate of Lime.

Antimoniate of Potash.

Molybdate of Ammonia.

Sulphuric Acid, concentrated.

Muriatic Acid.

Bottles with wide mouths, to

contain the following dry
Tests, I ounce size :

—
Protosulphate of Iron, cryst.
Peroxide of Manganese.
Protochloride of Tin, cryst.

Sulphate of Copper, cryst.
Acetate of Lead, cryst.

Sulphate of Magnesia, cryst.
Chloride of Sodium, cryst.
The following Tests are only

required occasionally. It will

be sufficient if i bottle of each

is in the Laboratory.
Chloride of Platinum.

Chloride of Gold.

A.—CONFIRMING TESTS FOR METALS.

Potassium, Sodium, Ammonium.—See Experiments, i, page 71.

^ I . Take a porcelain cup of this size. Mix in it

a test spoonful of the dry salt, with a test spoonful
of carbonate of soda, and a few drops of water.

Support it over a spirit lamp and apply heat.

If the odour of Ammonia is produced, the salt

56.
contains Amwx)nium.

2. Take a bit of the salt as large as a pin's head, fix it on the end

of a platinum blowpipe wire, of
^^^^^.^^.^....^^.^...^.^^^.^^^^^^^^^^^^^^^^^^^

this size, and hold it in a small ^—
blue flame produced by a re- 57.
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duced gas or spirit lamp flame, or else hold it before the blowpipe

oxidating flame in this manner :
—

58.

If a strong ydlow flame is formed round the assay, c, c7,
the salt con-

tains Sodium. If a violet colour or no colour is given to the flame, the

salt contains Potassium.

You will observe that I suppose, throughout, that the salts under

analysis are in a state of purity. The tests which I direct to be applied

are not qualified to act upon mixtures of salts in the same manner as

upon simple salts. Thus, for example, if a salt of Potassium is mixed

with a salt of Sodium, the mixture submitted to the last experiment,

gives only the character of Sodium, even if the mixture contains three

hundred parts of Potassium to one part of Sodium. The person, there-

fore, who provides you with the salts that are to be analysed, and with

the tests that are to he applied to them, must guard against any source of

error of that description.
But since the presence of Sodium in salts of potassium is very com-

mon and very difficult to avoid, it is proper to apply the following direct

tests for Potassium, in every analysis you make of an alcaline salt, whether

it gives the yellow flame of soda or not.

3. Add to a concentrated solution of the salt, a drop of a

solution of Chloride of Platinum in spirit of wine.

A yellow precipitate indicates Potassium.

No precipitate indicates Sodium.

4. Add to a concentrated solution of the salt, which must
not have any free acid, a few drops of a concentrated solution of

Antimoniate of Potash.
No precipitate indicates Potassium.
A white crystalline precipitate slowly formed indicates Sodium.

Barium, Strontium, Calcium.— See Experiment 2, page 72,
where the salts of Barytes, Strontian, and Lime, are distinguished from

those of Potash, Soda, and Anmionia, by means ofa solution of carbonate

of soda. They may also be distinguished from the same salts by
Diluted Sulphuric Acid, which gives a white precipitate with these

Earths, but not with the Alcalies.

These three metals are most readily discriminated from one another

by the conjoint action of solutions of Yellow Chromate of Potash
and Bichromate of Potash.
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5. To a few drops of the concentrated solution of the unknown salt,

add a few drops of a solution of Bichromate of Potash.
If you get a precipitate^ the metal is Barium.
If you get no precipitate, test another portion of the concentrated

solution of the unknown salt with a few drops of a solution of Yellow
Chromate of Potash.

If you get a precipitate^ the metal is Strontium.

If you get no precipitate, the metal is Calcium.

Action of the two Chromates of Potash, with concentrated solutions of

the Alcaline Earths.

Metals under

Examination.
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The last two metals are distinguished as follows :
—

y.
To a solution of the salt, add a solution of Sulphate of Lime,

prepared by boiling precipitated Sulphate of Lime in w^ater.

If it gives a precipitate, the metal is Strontium.

If not, the metal is Calcium.

Manganese.—See Experiment 4, page 74.
8. Take a platinum blowpipe foil, mix on it a bit of the dry salt with

a test spoonful of dry Carbonate of Soda, and fuse the mixture before

the blowpipe. The melted mass acquires a green colour.

9. Make a bead of Borax on the platinum wire before the blowpipe,
and melt in it a little of the dry salt. Use the outer blowpipe flame.

See Experiment 3 1
, page 90. The bead acquires an amethyst colour.

Iron.—See Experiments 4, lO, and 12, pages 74, 76, and 77.
10. Add a few drops of a solution of Yellow Prussiate of Potash

to a solution that contains a salt ofiron.

A white precipitate indicates a Protosalt of Iron,

A dark-blue precipitate indicates a Persalt of Iron.

A pale-hlue precipitate indicates a mixture of the two species.
1 1 . Expose a solution of a Protosalt of Iron to an atmosphere of

Sulphuretted Hydrogen Gas, See Experiment 5, page 75. It gives
no precipitate.

12. Add to the solution of the Protosalt of Iron as much Ammonia
as gives it a strong smell of Ammonia, and again expose it to the

atmosphere of Sulphuretted Hydrogen Gas. A black precipitate is

produced.
1 3. Treat in the same manner a solution of a Persalt of Iron. With-

out Ammonia, it gives a white precipitate ;
and with Ammonia, a black

precipitate.

Magnesium.—See Experiment 4, page 74.

Aluminum.—See Experiment 7, page 75.

Zinc.— See Experiment 5, page 75.
1 4. Mix a test spoonful of the salt with a little water, spread it on

charcoal in a flat cake of this size, and ignite it before the blowpipe.
Then moisten the ignited salt with a drop of a strong solution of^.^
nitrate of cobalt, and again heat it before the blowpipe to redness, vj
When it is cold, examine the change of colour produced :

— 62.

A salt which acquires a flesh-red colour from this treatment contains

Magnesium.
If its colour is blue, the salt contains Aluminum.
If it is green^ the salt contains Zinc.

These colours are best examined by daylight.
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Cadmium.—See Experiment 5, page 75.

15. Mix half a test spoonful of the salt with as much dry Carbonate
OF ISoDA, and heat it on charcoal in the inner (reducing) flame of the

blowpipe,
A brown powder will appear round the assay, upon

the charcoal.

[The figure shows the method of exposing a sub-

stance on charcoal to the flame ofthe blowpipe; a is the

blowpipe lamp, b the blowpipe, c the assay upon a

round disc of charcoal held by a bent slip of tin-plate.]

Bismuth.—See Experiment 5, page 75.
1 6. Treat the salt in the same way as the salt of

Cadmium, in Experiment 15.
A yellow powder is perceived on the charcoal, with a metallic bead in

the centre of it.

Wrap the bead of metal in paper and give it a stroke with a hammer.
You will find it to be brittle. See Experiment 19, below.

Zinc.—See Experiment 6, page 75.

17. I spoke of this metal in connection with Magnesium, Exper. 14.
With Sulphuretted Hydrogen, zinc gives a Wliiie precipitate.

Tin.—See Experiments 6 and 7, page 75,
18. Mix a solution of a Protosalt of Tin with a few drops of a solu-

tion of Chloride of Gold. A purple precipitate appears.

19. Mix a small bit, not larger than a pin's head, of a dry salt of

tin, either containing the protoxide or the peroxide, with a test spoonful
of dry Carbonate of Soda, and half that quantity of Borax. Place

the mixture on charcoal, and heat it strongly and for some time in the

inner blowpipe flame, till the metal of the salt is reduced. See Ex-

periment 31, page 90.
You will obtain a bright white metallic bead, which flattens when

struck with the hammer. The malleability of beads of this metal,

distinguishes them from beads of Bismuth produced in similar experi-
ments. (Exp. 1 6.) Their brilliancy distinguishes them from Lead,

Aluminum.—See Experiment 7, page 75.
20. I spoke of this metal in connection with Magnesium. See

Experiment 14.
Add to the solution of the salt of alumina a small quantity of

solution of Caustic Potash, or Carbonate of Potash, and then

Sulphuric Acid in slight excess, so that the mixture will redden blue

litmus paper. After some delay, crystals of alum will be produced in the

mixture.

Lead.—See Experiment 7, page 75.
21. Mix half a test spoonful of the dry salt with a test spoonful of
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dry Carbonate of Soda, place the mixture on charcoal and heat it in

the inner blowpipe flame, till the metal is reduced.

You will obtain beads of Metallic Lead, and the charcoal acquires

a coating of yellow powder.
These beads differ from those of Tin by being convertible into a

volatile oxide, and from those of Bismuth by being malleable and not

brittle.

22. Mix a drop of a solution of lead with a test glass full of water,

and add a few drops of Sulphuric Acid.

You will obtain a white precipitate.

Antimony.—See Experiment 7, page 75.

23. Mix half a test spoonful of the dry salt with a test spoonful of

dry Carbonate of Soda, and ignite the mixture on charcoal in the

inner blowpipe flame till the metal is reduced.

You will obtain globules of m£tal from which a thick white smoke
will rise.

If a melted bead of antimony is thrown on the ground, it divides into

several globules which produce a thick white smoke (oxide of anti-

mony).

Mercury.—See Experiment 8, page 76.

24. Mix half a test spoonful of the dry salt with a test spoonful of

dry Carbonate of Soda. Put the mixture into a little glass tube, and

heat it over the spirit lamp.

a )
64.

You will soon see metallic mercury condensed upon the upper part of

the tube.

25. Mix a solution of a salt of Mercury with a few drops of

Ammonia.
A Uach precipitate indicates a Protosalt of Mercury.
A white precipitate indicates a Persalt of Mercury.

Cobalt.—See Experiment 9, page 76.
26. Make a glass bead with borax on a platinum wire before the

blowpipe. To this add a bit of the salt of cobalt, much smaller than

a pin's head, and melt it into the bead.

The glass acquires a dark-blue colour, both in the outer and inner

flame.

27. Mix a few drops of a solution of cobalt with a solution of Red
Prussiate of Potash.

You get a hrownish-red precipitate.
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Copper.—See Experiment 9, page 76.
28. Mix a few drops of a solution of copper with a solution of Red

Prussiate of Potash.
The precipitate is yellowish-green.

29. Mix the solution of copper with a very small quantity ofAmmonia.
You get a greenish precipitate, which dissolves in a larger quantity of

ammonia, and produces a splendid blue solution.

30. Mix the solution of Copper with a solution of Yellow Prus-
siate OF Potash.
The precipitate is reddish-brown.

31. Melt a small quantity of the dry salt in a borax bead before the

blowpipe.
In the outer flame, it gives a transparent-green glass.*

In the inner flame, it gives an opaque-brown glass.*

Nickel.—See Experiment 10, page 76.

32. Mix the solution of Nickel with a very small quantity of

Ammonia.
You get a greenish precipitate, which dissolves in a larger quantity of

Ammonia, and gives a violet coloured solution.

33. Mix the solution of Nickel with a solution of Yellow Prussiate
OF Potash.

The precipitate is pale green.

' The following figure shows the method of exposing a substance to

the outer or oxidating flame of the blowpipe.

' The following figure exhibits a bead exposed to the inner or reduo-

ing blowpipe flame.

66.
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Chromium.—See Experiment lo, page 76.

34.
Melt a little of the dry salt of oxide of Chromium in a borax

bead before the blowpipe.
It gives a transparent-green glass, both in the inner flame and outer

flame.

35. Mix the solution of oxide of Chromium with a few drops of

Ammonia.
The colour of the precipitate is grey, by candle-light violet.

36. Mix the solution of oxide of Chromium with Yellow Peussiate

OF Potash.

There is no precipitate.

Gold.—See Experiments 8 and 11, pages 76, 77.

37. Mix the solution of Gold with a solution of Peotosulphate of

Ieon.

A dark-hrown precipitate of metallic gold is produced.

38. Mix the solution of Gold with a solution of Yellow Peussiate

OF Potash.
The solution acquires an emerald-green colour.

39. Mix the solution of Gold with a solution of Peotochloride of

Tin.

A purple precipitate is produced.

Silvee.—See Experiment 12, page 77.

40. Mix a diluted solution of Silver, with a few drops of MuEiATiC

Acid, or of a solution of any Chloride.
You will get a white precipitate.
If you add Ammonia to the mixture the precipitate dissolves.

If you add Niteic Acid to the mixture the precipitate remains

undissolved.

41. Mix the dry salt of Silver with dry Caebonate of Soda, and

ignite the mixture on charcoal before the blowpipe.

Bright metallic silver appears on the charcoal.

B.—CONFIRMING TESTS FOR ACIDS.

Niteates.—See Experiment 14, page 78.

42. Take a porcelain cup, and a test spoonful of the Nitrate. Pre-

pare a solution. Add a few drops of sulphuric
acid. Place a crystal of green sulphate of U
iron in the middle of the solution. Support N>

the cup over the spirit lamp, and apply heat.

You will see a dark-brown colour produced
near the crystals. Shake the cup. The
brown colour spreads through the whole liquor.



92 CONriEMING TESTS FOB ACIDS.

43. Mix tlie dry Nitrate with dry Bisulphate of Potash, a test spoon-
ful of each. Put the mixture into a large test tube, and heat it over

the spirit lamp.
You will observe the tube to be filled with dark-yellow gas. This

experiment serves to distinguish Nitrates from Chlorates.

44. Put the dry Nitrate into a large test tube. Add Muriatic Acid.

Apply heat.

White vapours of Nitric Acid are expelled. They redden litmus

paper.

Chlorates.—See Experiment 14, page 78.

45. Put a very small quantity of the dry Chlorate into a large

test tube. Add Muriatic Acid. Apply heat.

A yellowish-green gas is expelled, having a very pungent odour.

46. Take a small test tube. Put into it a test spoonful of the dry
Chlorate. Apply heat. The salt melts and oxygen gas soon after

issues from the tube. Inflame a bit of wood. Blow out the light, and

hold the glimmering match to the mouth of the tube. The oxygen gas
re-illumes the match. This experiment does not distinguish Chlorates

from Nitrates.

47. Take a bit of thin copper wire. Make a coil at the end of it, and

melt into the coil a crystal of microcosmic salt. Hold the coil over a small

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^
flame till the salt ceases to effervesce,

W and the wire becomes red hot. Now
68.

press the hot bead upon a bit of the dry
Chlorate, not larger than a pin's head. Reduce the flame of your lamp
as low as you can without extinguishing it—so low as to leave only a

small blue flame. Hold the coil with the Chlorate upon it, so that it

shall just touch the top of the reduced flame. Thereupon a bright blue

jiame surrounds the subject of experiment. This experiment com-

pletely distinguishes Chlorates from Nitrates.

All substances that contain Chlorine give this blue flame, and all

substances that contain Iodine, treated in the same way, give a splendid

green flame.

Chlorides.—See Experiment 14, page 78.
I have spoken already, Experiment 40, of the detection of Silver by

solutions of Chlorides. The operation of detecting Chlorides by
solutions of Silver is the same.

The method of detecting Chlorine by means of microcosmic salt and

a copper wire, explained already, in treating of Chlorates, Experiment

47, is equally applicable to Chlorides.

48. Mix the dry salt with concentrated Sulphuric Acid in a large test

tube, and apply heat.

White vapours of Muriatic Acid are formed. Hold a glass rod
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moistened with Ammonia at the mouth of the tube. A thick white

smoke is produced.

49. Take a test tube. Mix in it a test spoonful of the dry salt with

a few drops of concentrated Sulphuric Acid and a test spoonful of

Peroxide of Manganese. Apply heat.

In this case Chlorine gas is disengaged. It has a green colour and

suffocating odour.

Iodides.—See Experiment 15, page 78.

50. Take a large test tube. Put into it a test spoonful of the dry
salt mixed with an equal quantity of dry Bisulphate of Potash.

Apply Heat.

You will see Violet Vapours of Iodine in the tube.

The method of detecting Iodine by means of a copper wire, I have

explained in speaking of the Chlorates, Exp. 47.

51. Mix a few drops of the Solution of the Iodide with a few drops
of Nitric Acid, and add a small quantity of Starch Paste prepared
with hot water, or else use a test paper impregnated with starch.

A blue colour is produced. The paper turns blue.

52. Pour the Solution of the Iodide in which the Indicating Test,
Nitrate of Lead, Experiment 15, page 78, has formed a yellow

precipitate, into a test tube, and boil it with the precipitate.
When the solution cools, brilliant flat golden-yellow crystals appear

in it.

Arsenites.—See Experiment 15, page 78.

53. Mix the solution of the Arsenite with a solution of Sulphate
of Copper.

A Green Precipitate is produced.

54. Mix the solution of the Arsenite with a solution of Nitrate OF

Silver, and a very small quantity of Ammonia.
A yellow precipitate is produced.

5 5 . Mix the solution of the Arsenite with a drop or two of Muriatic

acid, and expose the mixture to an atmosphere of Sulphuretted
Hydrogen Gas (See Experiment 5, page 75).
A yellow precipitate is produced.

56. Mix half a test spoonful of the dry salt with a test spoonful of

dry Carbonate of Soda. Heat the mixture on Charcoal in the inner

blowpipe flame. After a short ignition, hold the charcoal under your
nose. You will perceive the odour of garlic, by which metallic arsenic

is specially characterised. Be cautious in smelling the vapour of

arsenic, as it is poisonous.

Sulphides.—See Experiment 14, page 78.

57. Take a test tube. Mix in it a test spoonful of the diy Sulphide
with a little Muriatic Add. Apply Heat.
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Effervescence is produced, and the odour of Sulphuretted Hydrogen
Gas is perceived. A bit of white paper moistened with a solution of

Lead, and held at the mouth of the tube, turns hlack,

58. Heat a test spoonful of the dry Sulphide on charcoal before the

blowpipe.
The odour of Sulphurous Acid Gas will be perceived.

Fluorides.—See Experiment 17, page 79.

59. Take a small test tube. Mix in it the Fluoride with dry
BisuLPHATE OF PoTASH, a test spoonful of each. Put a slip of

moistened Brazil wood test paper into the upper end of the tube.

Apply Keat.

Hydrofluoric acid will be disengaged by the mixture, and will corrode

the inside of the tube, and change the red colour of the Brazil test

paper to yellow.

Wash and dry the tube to render the corrosion visible.

Phosphates.—See Experiment 17, page 79.
60. Precipitate a few drops of the solution of the Phosphate with a

solution of Acetate of Lead. Collect the w^hite precipitate upon a

filter. Wash it. Dry it. Place it upon Charcoal and melt it in the

outer flame of the blowpipe.
When the bead cools, it will be of a dark colour, opaque, and

crystallised into numerous facets. By this character the Phosphates are

distinguished from the Arseniates. See Experiment 63, page 95.
61 . Mix a solution of the Phosphate with a solution of Sulphate

of Magnesia, and add Ammonia.
You will get a white precipitate.

62. x\dd to a solution of Molybdate of Ammonia as much Nitric

Acid as will redissolve the precipitate which it first produces. Then
add an extremely small quantity of the solution of the Phosphate, and

boil the mixture. The operation should be performed in a test tube.

You will obtain a yellow precipitate.

This is the most delicate and certain test for phosphoric acid. No
other acid, not even Arsenic acid, which resembles phosphoric acid in

so many other particulars, can produce this yellow precipitate in an

acidified solution of Molybdate of Ammonia.

Arseniates.—See Experiment 17, page 79.
Li speaking of the Arsenites, I have shown in what manner the

Arsenic which they contain can be detected before the blowpipe (see

Experiment 56, page 93). The same experiment answers also \vith

the Arseniates.

The differences between the Arsenites and Arseniates is best shown

by the Indicating Tests, Nitrate of Barytes, Experiment 14, pa^e

78, and Nitrate of Silver, Experiment 17, page 79.
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The difference between the Arseniates and Phosphates, wliich agree

in many respects, is shown by the Indicating Test, Nitrate of Silver,

Experiment 17, page 79, and by the experiment just described, with

MOLYBDATE OF AmMONIA, No. 6i.

It is also exhibited in an experiment which I shall now give you.

63. Precipitate a solution of the Arseniate by a solution of Acetatp:

OF Lead. Collect the white precipitate on a filter. Wash it. Dry it.

Ignite it on charcoal, in the outer flame of the blowpipe.
When the bead cools, it will not be found crystallised into facets, as

is the case with the precipitated phosphate of Lead.

64. Again, heat the fused bead of Arseniate of Lead in the inner

flame of the blowpipe.
You will perceive a thick smoke which you will find to possess the

odour of Arsenic, and you will get beads of metallic lead. These

effects are not produced by phosphate of lead.

Borates.—See Experiment 18, page 79.

65. Take a large test tube. Mix in it a concentrated solution of the

Borate, with some Sulphuric Acid. Boil the mixture, and let it cool.

You will perceive flat shining crystals of Boracic Acid.

66. Pour off the liquid. Wash the crystals from sulphuric acid with

a little cold water. Repeat the washing several times. Then boil the

crystals with water in a test tube. Test the solution with Litmus paper
and Turmeric paper.

The blue litmus is turned Red.

The yellow turmeric is turned Brown,

67. Take a porcelain cup. Mix the solution of the Boracic Acid, or

else a test spoonful of the solid Borate moistened with sulphuric acid,

with a few drops of alcohol. Inflame the mixture.

You will see a green flame.

Oxalates.—See Experiment 18, page 79.
68. Take a large test tube. Put into it three test spoonfuls of the

dry oxalate. Add a few drops of concentrated sulphuric acid. Apply
a moderate heat.

Effervescence takes place. The gas that escapes is a mixture of

carbonic acid and carbonic oxide.

Apply a light to the moutli of the tube. The carbonic oxide huriis

with a blue flame.

69. Mix the solution of the oxalate with a solution of Sulphate of

Lime.

You will get a white precipitate.

Carbonates.—See page 79.

70. Mix the dry Carbonate with a little water. Add a few drops 01

Muriatic Acid.

Effervescence takes place. The gas that escapes is without odour.
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Sulphates.—See page 79.

71. Mix a test spoonful of the dry sulphate with as much dry
carbonate of soda. Place it on charcoal, and heat it in the inner flame

of the blowpipe. Lay the fused mass on a piece of bright silver, and

add to it a drop of water. After a mmute's repose, wash the mixture

from the silver.

You will perceiye a Uacli mark on the silver.

This experiment distinguishes the Sulphates from all other salts

in our list except the Sulphides, from which they are distinguished by
Experiment 57.

Chromates.—See page 79.

72. Take a large test tube. Mix in it a test spoonful of the dry

Chromate, with the same quantity of Chloride of Sodium, and a few

drops of concentrated Sulphuric Acid. Apply heat.

Effervescence takes place, and the tube becomes filled with a splendid
red gas.

73. Take a large test tube.^ Mix in it a test spoonful of the

Chromate, with a few drops of muriatic acid, and a few drops of

alcohol, and boil the mixture over the spirit lamp.
The boiling liquor gives off muriatic ether, and the colour of it

becomes green.

74. Before the blowpipe, the salts of chromic acid give the same
results as the salts of oxide of chromium. See Experiment 34, page

90.

^ Test tubes have been frequently directed to be used in the pre-

ceding experiments.
As in such experiments

scrupulous cleanliness

69- is' required, I may add

a few words respecting the mode of cleaning such tubes. After

each experiment they should be filled with w^ater, before the products of

the experiment have dried upon the surface. If the matters adhere,

they may be removed by the use of a bmsh resembling fig. 69.
Waste solutions of acids, alcalies, and alcohol, are used in cleaning

glass vessels.

To Teachers.—Where Chemistry is taught only in Lectures, because

no conveniences exist for teaching Practical Chemistry, it is an excellent

practice for the teacher to give his pupils specimens of salts, such as are

enumerated at page 67, to be analysed at their own houses. This

method is practised at the German Universities with much success.

The students apply themselves to these minute analyses with great zeal,

and rapidly acquire considerable analytical skill.
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ON THE PEEFORMANCE OF ANALYTICAL EXPERI-

MENTS BY MEANS OF EQUIVALENT TEST

LIQUORS.
Centigrade Testing.

Chemical substances act upon one another in quantities that are re-

presented by their atomic weights. I have explained that subject fully

in another section. The weights given in the table at page 19 state a

quantity of each substance, which, when weighed in English grains,

constitutes what I call a Test atarn. Thus, 56 grains is the test atom

of hydrate of potash, KHO ;
and 49 grains is the test atom of hydrated

sulphuric acid, HSO^. See page 18.

When a test atom of any substance is dissolved in water, and the

solution is farther diluted with water till it occupies the bulk of a deci-

gallon, at the temperature of 62° F., I call that a solution of one degree

of strength^ and I mark it 1°. Hence, a solution of hydrate of potash

of 1° contains 56 grains of that salt in a decigallon of solution.

Sulphuric acid of 1° contains 49 grains of the hydrated acid in a deci-

gallon of the diluted acid. Ujive test atoms of the dry test are con-

tained in the same bulk of solution, I call its strength 5° (fve degrees),
&c. It is evident from this, that equal measures

^

of solutions of the same degree are equivalent in

chemical power to each other, and that any

quantity by weight of a test can be taken by

measuring oft" a corresponding quantity of its

solution of a known degree of strength.

Apparatus for Centigrade Testing.

For operating in this way it is necessary to be

provided with graduated glass instruments, such

as I shall now describe.

The bottle
fig. 7 1 in the margin contains, when

filled up to a mark on the neck, i decigallon,
or 1 000 septems, or -^ gallon, of any liquor.
To prevent any misconception as to the relations

and capacities of the Decimal Measures em-

ployed in Centigrade Testing, I must call the

reader's attention to the Tables of Imperial Liquid
Measures presented in page 98. The upper table shows the measures
that are established by Act of Parliament. The lower table explains
the decimal system, which I recommend for chemical use.

/ s

71-
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IMPERIAL LIQUID MEASURE.

CORRESrOXDENCE OF THE WEIGHT AND MEASURE OF WaTER.

Temperature 62° F. Barom., 30 inches. Weight, Avoirdupois.

Gallon.
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a

Mrf

72.

The unit of this system of decimal measures is called a Septem,
because it contains 7 grains of pure water at the Par-

liamentary Standard.

100 Septems = -^V '^^' of water =
t-J-q- gallon.

1000 Septems = i lb. of water = ^w gallon.

10,000 Septems = 10 lbs. of water = i gallon.

I give the name of Decigallon to the measure that

contains i lb. of water, or the tenth part of the Imperial
Gallon.

The table itself explains all other relations.

Fig. 72 represents a Centigrade Test Tube, more

commonly called an Ahalimeter. It is a narrow glass

jar, with a grooved stopper, by using which the con-

tents can be poured out very slowly. It is graduated
into a hundred equal parts, each part containing a

septem, and the whole 1 00 parts being equal to a centi-

gallon, or the tenth part of a decigallon.

This particular yb?'m of the centigrade test tube is not

essential, and it may therefore be proper to add an

account of one or two other varieties of that

instrument. Fig. 73 c? in the margin re-

presents the Pouret or Burette invented by
M. Gay Lussac. This is a very convenient

and delicate instrument, but rather fragile.

It is, in consequence, less suited for common

workmen, than the instrument represented by
fig. 72, but it gives more precise results. I

have added two or three little conveniences to

the pouret, which I shall describe. 5, Fig. 74,
is a cylindrical block of wood, the ends of

which are cut at rig:ht ancrles with the sides.

In the front is a vertical groove. When the

block is placed on a horizontal table, a. Fig.

73, and the tube is pressed against the groove,
the tube is placed at once in a perfectly ver-

tical position, necessary for the accurate

observation of the height of the liquor con-

tained within it. c is a japanned tin plate, with a

horizontal opening covered with white tissue paper.
When the surface of the liquor in the pouret is

placed against this narrow screen, the height of the

liquor can be observed with exactness. The lower

part of the curve formed hy the surface of the liquor
is taken in all cases as the true level, and this is well

defined, when looked at before the screen. 74.

73-
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least lOO measures, each containing a septem. In general it is better

to have a few more than lOO measures, but a smaller number is not

convenient, except for special purposes.
I proceed to notice some other useful instruments.

Test-Mixer.—Fig. 79 is a Test-Mixer, a tall narrow bottle, gradu-
ated into a hundred equal parts, and figured from below upwards.
The capacity of it may be one, two, or five decigallons, according to

the quantity of test liquor that may be required. For small operations,

a test-mixer of one decigallon is sufficient. It must be well stoppered,
and have a broad foot that it may stand steadily.

Very frequently a test-mixer of the form of fig. 80 is useful. It may
contain 100, 200, or 250 septems, and must be graduated into 100

divisions, numbered from below upwards, so as to have zero (o^) of the

scale at the bottom. In the figure, the graduation is numbered the

wrong way. This instrument serves to prepare test solutions of gradu-
ated strength for analytical operations of every description.

Pipettes to deliver Fixed Quantities of Test Liquors.—Fig. 81

is a pipette so graduated, that when filled up to the mark a, 6, it delivers

/ \

100^

V
78. 79. 80. Bi.

exactly 100 septems of solution, without reference to what adheres to the

inner surface of the glass. The last drop must be blown from the point
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V

83.

by applying the mouth to the upper end of the tube, while the lower

end touches the inside of the glass receiving-vessel.

Fig. 82 is a similar pipette, for the delivery of

10 septems of solution. It is useful to have other

pipettes to deliver such quantities as 25 or 50 sep-

tems, or any arbitrary quantity necessary for a given

purpose.

Fig. 83 represents a long narrow pipette, graduated
to single septems, of which it may conveniently contain

about 20 or 30. The use of this is, to deliver any
small quantity of test liquor, such as i, 2, 5, 10, or

any uneven number of septems. See also fig. 87.
To use a Pipette.

—Hold it by the thumb and
middle finger of your right hand ; slightly wet the ball

of the forefinger ; dip the lower end of the pipette
into the liquor that is to be measured ; apply your
mouth to the upper end of the pipette, suck up the

liquor, and watch its rise till it is a little above the

mark on the neck of the tube
;
then cease to suck

;

rapidly slip your forefinger on the upper orifice of the

tube, and press it firmly. In going through this process, remember that

the test liquors are poisonous, and must not be sucked into your mouth.
To prevent this accident, have a steady hand, keep the lower point of

the pipette always below the surface of the Hquor, and cease to suck at

the moment you perceive the liquor above the mark on the neck of the

pipette ; or you can attach a short caoutchouc tube to the top of the

pipette, and regulate the flow of liquor by pinching the tube. Having
filled the pipette above the mark, hold it steadily before you, fix your eye

upon the mark, gently lessen the pressure on the tube, and let the excess

of liquor run out, till the curve formed by its surface touches the mark.
Then remove the pipette to the receiving-vessel and deliver its contents.

When using the narrow pipette, fig. 83, the liquor should be adjusted to

some specific number, such as 5 or 10, and then the number of septems
required should be slowly dropped out and counted as they fall. The
bottom septem of such a pipette cannot deliver its contents accurately.
All quantities must therefore be measured in the middle of the pipette.

By means of these instruments, solutions of acids, alcalies, and salts

may be prepared of any desired degree of strength
—the limit of the

strength of each being the solubility of the substance in water at 62'^ F.

The test atom of any substance can be easily divided into 100 or any
smaller number of equal parts, or any fractional quantity of a test atom

may be taken that is desirable for any particular purpose. With the

addition of a few other glass vessels, these instruments afford the means
of testing the strength and purity of alcalies, acids, solutions of metals,
and many other articles of importance in the arts.
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PREPARATION OF STANDARD SOLUTIONS.

I proceed to describe the processes employed to prepare standard

solutions of acids and alcalies. These solutions form the basis of the

system of centigrade testing, and they must be prepared with great

accuracy. The rule to be followed is this : to form a test liquor of ^^,

which is a very convenient strength for general purposes, dissolve five test

atoms of the chemical preparation in so much water as will make a deci-

gallon of solution at 62^ Fahr. The table at page 19 gives the weights
of the test atoms. What we have to study now is the practical means

of weighing them and bringing them into solution ;
so as to secure the

proper proportions of test and water.

Carbonate of Potash of 2^^.
—The carbonates being bibasic

solutions of 2\° are equal in saturating power to acid solutions of 5°.

See pages 107 and 114. Expose about 400 giains of pure carbonate

of potash, in a porcelain crucible, to a red heat over a spirit lamp or

gas light, to expel water from it. After 10 minutes' ignition remove

the crucible from the spirit lamp, and let it cool, closely covered. In

the meantime, counterpoise a large thin dry and warm porcelain

crucible, containing 345 grains in weights. When the ignited car-

bonate of potash is cool enough to be weighed, remove the weights,
and in their place put as much of the ignited salt as restores the equi-

librium of the counterpoise. Transfer the weighed salt from the

crucible into the decigallon measure, fig. 71, page 97. Add about 10

ounces of pure water, shake the vessel to diffuse the heat, and add

more water till the vessel is nearly filled up to the mark a, h. It must

then rest till the temperature of the solution sinks to exactly 62° F.,

which must be tried by a thermometer. When the liquor is come to

that temperature, water is to be added by means of a dropping tube,

till the measure is completed. This is the case when the engraved line

a, 6, coincides with the lower part of the curve formed by the surface

of the liquor in the bottle. Cover the mouth of the bottle with a piece
of thin writing paper, close it tight with the palm of your hand, and

shake the bottle to mix the solution thoroughly. It may then be

decanted into a stoppered bottle. It will have the strength shown by
No. 13, in the table on page 1 14. This solution may be used in pre-

paring test acids of 5°, with which it is equivalent measure for

measure.

Carbonate of Soda of 2^^.
—A normal solution of this salt is pre-

pared precisely in the same manner as the normal solution of carbonate

of potash of 2^^. Expose about 300 grains of the pure anhydrous salt,

in a porcelain cnicible, to a red heat for ten minutes. As soon as it is

cool, weigh out 265 grains. Dissolve this in distilled water in the

decigallon bottle, fig. 71, dilute the solution nearly to the mark a, h,

')ring the temperature of it to 62° F., and then adjust the measure
Jpring

t
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exactly to the mark. The strength is shown by No. 14 in the table on

page 114.
It is of the utmost consequence to prepare this solution with every

attention to accuracy, because it is to form the standard for the strength
of your acids, and indirectly of your alcalies, and if your normal solu-

tion of soda is inaccurate, all your subsequent analyses ofacids and alcalies

will be inaccurate in the same degree.
Sulphuric Acid of 5°.

—
Prepare a solution of carbonate of soda

of ^^^, as described under that article.

Take of that solution 100 septems, by
means of the centigallon pipette, figs. 81 or

85. Put it into a conical mixing jar, fig, 84,
or into a wide-necked flask, fig. 78 ^. Add
six drops of tincture of litmus. This is

most conveniently done by means of a bottle

pipette, such as fig. 85. Fill your centi-

grade alcalimeter with diluted sulphuric acid

containing one part of oil of vitriol mixed with

about 20 parts of water. This mixture is to

be made by putting the water into a thin

glass flask, adding the acid to the water gra-

dually ,
and allowing the mixture to cool to

62° F. Neutralise the 100 septems of solu-

tion of soda with acid poured from the alca-

limeter, and ascertain how many septems of

acid are required. In doing this the follow-

ing points are to be attended to carefully.
Place a sheet of white paper below the flask

or jar, to enable you to see the changes of colour that occur. Add the

acid in quantities of about four septems at a time. Shake the jar with
*

a circular motion to facilitate the mixture. After a time the blue litmus

becomes of a pale claret colour. The jar must now be placed over a

spirit lamp until the mixture becomes boiling hot. The acid is then

to be slowly added, one or two drops at a time, until the colour of the

litmus changes from claret red to a pale scarlet colour. The purpose
for which the liquor is made boiling hot, is to expel the carbonic acid

gas that is liberated from the carbonate of soda by the action of the

sulphuric acid. Carbonic acid gives to litmus a claret or crimson tinge,

sulphuric acid gives it a scarlet-red hue. Towards the end of the

neutralisation, after every addition of one drop of the acid and agitation
of the liquor, a drop of it is to be taken on the fine point of a glass rod

and applied to a piece of blue litmus paper. As soon as the alcah is

perfectly neutralised, and the liquor contains the least excess of acid,

the litmus paper turns red where touched by the whetted glass rod.

The number of septems of the diluted acid that are required to
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neutralise the soda, shows the number of septems of the acid that con-

tain one-tenth part of five test atoms of sulphuric acid, or that quantity

which will form lOO septems of solution of 5^.
The experiment must

be repeated with great care, that you may be quite certain what this

number is. I shall suppose it to be 40 septems. In tliat case, all that

it is necessary to do to produce sulphuric acid of 5°, is to put 40
measures of the diluted acid into the test-mixer, fig, 79, page r

1 01, and to add as much water as dilutes the 40 measures to 1 1

100 measures. ' ^

This dilution is to be effected with certain precautions.

Supposing the test-mixer to contain 1000 septems, at fi^rst

you add to 400 septems of the diluted acid about 400 septems
of water. Then put in the stopper, and shake the mixture.

Afterwards you add more water, at two or three times, until

the measure is equal to 990 septems. The mixture is left to

cool to the temperature of 62° F., which must be tried by a

thermometer. When this temperature is attained, water is

slowly added, at first 3 or 4 septems, and the remainder by a

dropping tube that cannot deliver above i drop at a time, till

the measure is exactly 1000 septems. This adjustment re-

quires care, because not one drop of w^ater must be added in

excess.

Oxalic Acid of 5°.
—A test atom of crystallised oxalic

acid weighs 63 grains; 5 test atoms weigh 315 grains. 87.

Take 315 grains of clean dry crystals of pure oxalic acid, dissolve them
in the decigallon bottle, fig. 71, in water, and dilute the solution, at

62° E., to the bulk of a decigallon. It has, then, a strength of 5° ;

consequently, one measure of it will neutralise one measure of carbonate

of soda of 2 J'^.

The standard solutions of carbonate of soda and of oxalic acid may be

considered to be the two bases of the entire system of tests, because all

other alcaline and acid solutions are prepared or tested by means of

these, and it is, perhaps, a matter of indifference which of these solu-

tions you take for a standard. Yet, while Dr. Mohr prefers oxalic

acid, I prefer carbonate of soda.

Solubility of Acids and Alcalies.—In studying the action of

equivalent test liquors, it is useful to know the degrees of solubility of

those chemical compounds whose frequent recurrence renders them

important.
I have observed at page 102, that solutions may be prepared of any

degree of strength, consistent with the solubility of the respective sub-

stances in water. Generally speaking, the most soluble substances are

the free acids and free alcalies. The limits of solubility of the most

important of these are stated in the tables at pages 106 and 107.

V
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TABLE OF THE SOLUBILITY OF ACIDS IN WATER.
Temperature 62° Fahrenheit.

Grains of
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TABLE OF THE SOLUBILITY OF ALCALIES IN WATER.
Temperature 62° Fahrenheit.

Grains of
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These Tables show the limits of solubility of the substances to which

they refer. They show what degrees of strength are possible, and what
are impossible. You can have sulphuric acid in the state of pure oil of

vitriol of 264^. On the other hand, you cannot have oxalic acid of

greater strength than 12°. It is curious to see that the solubility of the

three mineral acids is nearly as the ratio of i, 2, 3, namely :
—

Muriatic Acid . . . 94°
Nitric Acid . . . 1 6(f
Sulphuric Acid . . . 264°

Considerable differences occur also among the alcalies. Ammonia
can be made of 125°, but carbonate of soda not stronger than 12°.

The sixth column of the Tables shows the Degree of strength, or

the number of Test Atoms per decigallon of each acid or alcali, that is

equivalent to the weights named under the respective heads in the

preceding columns.

The seventh column contains information of great importance for the

preparation of dilute tests, namely, it states the quantity, in septemSy of
each liquor, which contains one test atom, and it applies equally to all the

substances named in the Tables. These numbers are found by dividing
1000 by the number which represents the degree of each liquor. The
mathematical scholar will find the numbers readily by means of a table

of Reciprocals. I shall give such a table in a subsequent section,

I call this number the Atomic Measure of a test solution.

PREPARATION OF EQUIVALENT TEST LIQUORS.
Alcalies.

Determination of the Chemical Strength of Liquid
Ammonia.—4 septems of the ammonia to be tried are

mixed with 100 septems of water and 6 drops of

solution of litmus. Use a wide-necked white glass

bottle, fig. 88. The centigrade test-tube is to be,

filled with sulphuric acid of 5°, and the alcali is to be!

neutralised with all the precautions described in rela-;

tion to sulphuric acid, page 104, excepting that, as no
carbonic acid is present, the mixture does not require
to be heated. The operation is finished when the blue;

mixture suddenly becomes red.

The strongest solution of ammonia at 62° F,

contains 125° of ammonia, and 4 septems of such

a solution contain half a test atom of ammonia. See page 107. This

quantity of ammonia demands for its neutralisation 100 sej)tems of

sulphuric acid of 5°.
All weaker solutions of ammonia require, of;

course, a smaller quantity of acid for their neutralisation.

In calculating the result of this analysis, the number of septems of
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sulphuric acid which is required to neutraUse the 4 septems of ammonia

is first to be divided by 4, and then to be multiplied by 5. The pro-

duct is the chemical strength of the ammonia expressed in test atoms.

Suppose the 4 septems of ammonia to require 100 septems of sulphuric

acid of 5°, to neutralise them. We divide 100 by 4, to find how

many sef>tems of this acid are equal to i septem of the ammonia, and

we find it to be 25. But the acid is of 5° of strength; and we

multiply 25 by 5,
to find the equivalent in septems of acid of only

1° of strength. The number we obtain is 125. Consequently, one

septem of this ammonia will neutralise 125 septems of acid of 1°, or,

in other words, the strength of the ammonia is 125°.

Again, suppose the 4 septems of ammonia to be

neutralised by 96 septems of acid of 5°,
then 96 -f-

4 =
24, and 24 X 5

= 120, which is the degree of the

strongest commercial ammonia, the specific gravity of

which, calculated by the rule given below, is

1000 — 120 = 880.

Prepaeation of Ammonia of 5°.
—

Having deter-

mined by experiment the degree of your solution of

ammonia, which I shall assume to be 120°, you have

next to find its atomic measure, or the quantity of it,

which contains i test atom of anhydrous ammonia.

This, as J have stated in page 108, is done by dividing

1000 by the number that expresses the degree. Now
lOOO-f- 120 =

8*33. Hence, to prepare a solution of

50, you have to take 5 times 8*33 =41*65 septems of the

strong ammonia and dilute it in the test-mixer to lOOO

septems. It is then a solution of 5°.
Ammonia-Meter.—In commerce, liquid ammonia is

usually valued according to its specific gravity. The

hydrometer, however, indicates the strength of liquid

ammonia in a very rough way ; for 5 test atoms ot'

ammonia per decigallon mark only i degree of a scale

like that of Twaddell's hydrometer. I have recently

contrived a hydrometer which has a convenient scale,

when such a mode of testing is considered sufficiently

precise. I have shown that at 62° F. a decigallon of

the strongest ammonia contains 125 test atoms. The
amnwnia-meter contains 125°, each of which indicates.

I test atom of amrmniacal gas per decigallon of solution, or I'jo grains

per gallon.

This instrument is represented by fig. 89. A very extended table

has been prepared to accompany it for the use of dealers in ammonia
;

it shows the weight of dry ammonia per gallon and per pound at every

degree, and the corresponding money value of each solution.
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The relation of the specific gravity to the chemical strength of solu-

tions of ammonia is remarkably simple. If the chemical strength is

estimated in test atoms, and the specific gravity is written to three

places of decimals, then the numbers which express the two powers are

in all cases equal to lOOO. Thus the specific gravity of ammonia of

125° is '875 ;
that of 120^ is -880, &c. See the subsequent article on

Ammonia.
Caustic Potash of 5°.

—Caustic Soda of 5°.—A strong solution of

caustic potash, or caustic soda, is to be tested in the same manner as the

solution of ammonia. The degree having been found by experiment,
the atomic measure is calculated, and dilution of 5 test atoms to 1000
measures is effected in the test-mixer.

Acids.

Determination of the chemical Strength of a sample of Nitric
Acid.—Process.—Put into a flask of the capacity of 3 or 4 ounces, too

septems of water. Add 6 drops of solution of

litmus, then by means of the graduated pipette,

fig. 83, page 102, put into the flask
5 septems of

the nitric acid which is to be tested, and shake

the mixture, which will have a bright-red colour.

Fill the centigrade test tube with solution of

ammonia of 10^ of strength. Adjust the measure

accurately to o^. To do this easily, you may fill

9°- it rather above the mark, grease the lip of the test

tube to prevent the liquor flowing down the outside, and pour the extra

ammonia back into its bottle, drop by drop, till the proper measure

is obtained. The next step is to neutralise the nitric acid with the

ammonia, which is to be poured from the graduated tube into the

flask in small portions of 2 or 3 septems at a time. After each

addition of ammonia, the flask is to be shaken. When the bright-
red colour of the acid begins to appear a little fainter, the ammonia
must be added in quantities of 2 drops at a time. At last the red

colour is suddenly converted into blue, at which point the acid is

totally neutralised.

Result.—Having determined how many septems of solution of

ammonia of 10° is required to neutralise 5 septems of nitric acid, the

degree so found is to be divided by five, and then multiplied by 10,
w^hich gives its strength in test atoms. Suppose the nitric acid to be so

strong that the 5 septems of it require for neutralisation no less than 84
septems of ammonia of 10^, then we have these calculations :

—
84-^ 5

= i6-8 and i6-8 X 10 = 168.

Hence the nitric acid is of the strength of 168 test atoms per deci-

gallon, or is within i^ the strongest possible at 62° F., as shown by
tlie table at page 106.
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Preparation of Nitric Acid of 5°.
You take nitric acid of any

strength, and test its degree in the manner just described. I assume

that you find the degree to be 165°, you then calculate the atomic

measure, by dividing 1000 by the degree. looo-h 165 = 6*06.

Hence 5 times 6'o6, say 304- septems of the strong acid, diluted with

water in the test-mixer till it forms 1000 septems, produces nitric

acid of 5°.
Nitric Acid of 10^.—After finding the strength of your nitric acid,

as just described, take ten times 6'o6 septems, or say 6o| septems, and

dilute it in the test-mixer to 1000 septems. It has then the strength
of lO^

Muriatic Acid of 10^.—Muriatic acid of 10° is prepared exactly in

the same manner as nitric acid of that strength. This acid is required
for testing limestones, and other substances that produce insoluble salts

with sulphuric and oxalic acids.

General Observations on the Process for testing the Strength
OF Acids and Alcalies.—One test acid is sufficient for testing all the

alcalies, and one test alcali for testing all the acids. 5° is a useful

strength, but acids of 10°, 20^^ 30'^, &c., are required for other

purposes. The choice of the test acid lies between sulphuric acid and

oxalic acid. The former is much the cheapest of the two, and I think,

on the whole, is preferable to the latter. The solution of oxalic acid

can be made directly from the pure crystals. The former requires the

use of pure carbonate of potash or of soda. But this is a disadvantage
which is only felt in the preparation of the first solution, since all others

are made by testing with caustic alcali.

The standard alcali may be either ammonia or caustic potash. I find

that a solution of the former of 5° can be kept a considerable time in a

cool place without much alteration. The caustic potash does not suffer

a loss of strength, from the volatilisation of the alcali, and is preferable
on that account. It can only be used, however, with Mohr's form of

alcalimeter, fig. 78. None of the alcalimeters w^hich have the spout at

the top can be used with caustic potash. The reason is, that those

alcalimeters require to have the spout greased wdth tallow, to hinder the

test liquor from running down the outside of the tube, and caustic

potash (and caustic soda also) washes the tallow^ away. Caustic soda
has the disagreeable property of acting upon the graduated glass tubes.

When the standard test solutions and the apparatus are in good
CMrder, the analysis of acids and alcalies can be effected with very small

quantities of liquor. 5 septems of a strong solution, or 10 septems of
a weak solution, is commonly enough to operate upon. The best plan
for general procedure is to begin with 5 septems, and neutralise it

rapidly. You thus get a rough estimate of the strength of the liquor;
after which you repeat the experiment carefully with 5 or 10 septems.
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In all the preceding examples, I have given the method of calculating
results in such a manner as to lead to the preparation of standard

solutions of particular degrees of strength. But it often happens, in

analytical processes, that you v^ant to know the exact weight of some

component of a substance submitted to examination. I have thrown
into the form of a table some examples to show the manner in which

experiments of this sort are to be managed. See the Table on pages

114 and 115.

Example.
—Neutralise a small quantity

—
by weight if solid, or by

measure if liquid
—of one of the acids named in the table from i to 7,

using a test alcali of 5° with an alcalimeter. Observe how many
septems of test alcali are required. Let it be 30. Then, under the

head of 3 septems in the table, and on the horizontal line of the acid

submitted to examination, you find a number, which, after the removal

of the decimal point, one place to the right hand—to convert 3 septems
into 30

—show the number of grains of the acid contained in the quantity
that was submitted to the test. Thus, if the subject of assay was acetic

acid, it contained 9 grains of acid. If it was tartaric acid, the quantity
was 1 1 '2 5 grains. In hke manner, the weight of an alcali can be

reckoned from the quantity of test acid required to neutralise it.

Application of the principles of Centigrade Testing to

Mercantile and Manufacturing Operations. — The process of

centigrade testing is employed as an easy and rapid method of analysis,
to direct the operations of the manufacturing chemist, or to determine

the commercial value of his products. It is therefore used to determine

the strength of the liquid acids, the purity of carbonate of soda, the

bleaching powder of chloride of lime, and for the solution of numerous
other technical problems upon which my space does not permit me to

enter into details
;
but I shall give two or three examples to show the

method and importance of such operations.

Testing of Impure Carbonate of Soda.—Commercial carbonate of

soda contains water and neutral salts. The object of the analysis is to

find how much carbonate of soda it contains. Weigh out 2^ atoms^

namely, 265 grains, of the impure carbonate of soda, and make with it a

decigallon of solution, in the manner described at page 103. Then

measure off 100 septems of the solution, and test it with sulphuric acid

of 5^,
in the manner described at page 104. The number of septems

of test acid used shows the per centage of carbonate of soda contained

in the impure sample.

Testing of Vinegar.
—Take 50 septems of vinegar, dilute it with its

bulk of pure water, add a few drops of litmus, and neutralise it with

test alcali of
5"^.

Observe the number of septems required, and divide

that number by 50 and multiply it by 5, or, what comes to the same

result, divide it by 10. The product is the degree of the vinegar. If

the number of septems is 50, then 50-^-50 = i, and i X 5
=

5 ;
so
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also 50 -4- lo =
5 ; wliich is the strength of the vinegar in test atoms

per decigallon. The strength of good vinegar is about 6i degrees.

Testing of Limestone and Marls.—The value of limestone commonly
depends upon the quantity of carbonate of lime which it contains. This

is true, whether the limestone is to be used as a flux for ironstone in the

blast furnace, or to be burnt for mortar or for manure. Marls usually
contain from 50 to 80 per cent, of carbonate of lime, the residue con-

sisting of sand or clay. On the contrary, fine English chalk and Irish

limestone are almost pure carbonate of lime.

The following method of testing limestones

is extremely easy, and gives very good
results. The flask must be chosen of about

the capacity of 6 ounces of water, and with

a cylindrical neck, about 6 inches long and

I inch in diameter. The flask may have

the /orm of fig. 91 a, or
fig. 92, but it

must be thin at the bottom, to bear ex-

posure over a spirit lamp. Fig. 91 5, is a

tube of thin glass, that fits the neck of the

flask pretty close, but slips easily up and

down
;

it is filled with cold water, and 91-

stopped by a large cork, c.

Weigh out on a watch-glass, for analysis,

50 grains of the limestone, previously re-

duced in a porcelain mortar to a fine powder.
Put into the flask «, 1 00 septems of muriatic

acid of 10°. To do this easily and accu-

rately, use a pipette of the form of
fig. 93,

graduated to deliver 100 septems. Dip
this into the prepared acid, adjust the

measure, and then transfer the pipette to

the flask a, without soiling the neck of the flask. Add the pulverised

limestone gradually to the muriatic acid, agitating the mixture after

every addition of powder. When the powder has been all added, if

any of it sticks about the neck of the flask, it must be washed down
into the acid by means of a washing-bottle. Put the tube b into the

flask, and apply heat to the flask by means of the spirit-lamp. This

completes the action of the acid on the limestone, and expels the

disengaged carbonic acid, which lifts up the tube 6, and escapes. The
cold water is intended to condense any vapour of muriatic acid that may
be produced by the heat, and so prevent its escape from the flask.

When the liquor has been raised to a boiling heat, the flask may be

removed from the lamp. The outside of the tube b is to be washed by
the spirting bottle, and the washings added to the contents of the flask.

Add 6 drops of solution of litmus to the mixture, which will become
1

V
93.
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TABLE OF TEST EQUIVALENTS,

Acetic Acid ....
Muriatic Acid

Nitric Acid ....
Oxalic Acid ....— —

crystallised

Sulphuric Acid

Tartaric Acid, crystallised

Carbonic Acid

Ammonia
10 Potash, hydrate .

1 1 Soda, hydrate
12 Lime, hydrate
1 3 Potash, carbonate *

2|- atoms

14 Soda, carbonate *
2^ atoms
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SOLUTIONS OF FIVE TEST ATOMS IN A DECIGALLON.



116 EXPERIMENTS WITH TEST LIQUORS.

of 1° with this instrament, ^-L part of a test atom
of each salt is required for loo septems of solution.

That is to say, the numbers in the table at page 19
require the decimal point to be moved one figure to

the left. Thus, 12-2 grains of crystallised chloride

I \ of barium will give i centigallon of solution of 1°

J V at 62° F.—A bottle of this sort, graduated to 250
septems, requires i of a test atom of the salt, and

gives 4 fluid ounces of solution.—When the stu-

dent has prepared a series of such solutions, he can

proceed to make a series of other salts as follows :
—By

adding 10 septems of sulphuric acid of 10^ to 10

septems of solution of potash of 10°. The measure is best effected by
a pipette, graduated so as to Mimr 10 septems of hquid, indepen-

dently of what adheres to the tube, fig. 82. The mixture may be

made in a capsule of glass or porcelain, in which the product can be

evaporated for the purpose of crystallisation. No filtration is necessary,
because the liquors are all considered to be pure. The above mixture

yields, if the operation is correctly performed, neutral sulphate of

potash, the quantity of which should agree with the indications of the

table at page 114. 10 septems of sulphuric acid of 10° contain 4*9

grains of the acid HSO*, and the same quantity of solution of caustic

potash of 10° contains 5-6 grains of the alcali KHO. The sulphate of

potash produced by their mixture should therefore weigh 4*9 -f- 5*6
—

I "8 (tV atom of water) =
8*7 grains. The decomposition is as follows :

HSO^ -f- KHO = KSO* -f HHO.—Other salts may be produced in a

similar way. If 10 septems of muriatic acid of 10^ are put into a

test tube, and 5 grains of pure calcareous spar are added, and the liquor
is boiled when the effervescence ceases, the muriatic acid should be

entirely neutralised, and the liquor contain neutral chloride of calcium.

For 10 septems of acid of 10^ is the loth part of a test atom, and

5 grains of calc spar is the 20th part of a test atom, and these are there-

fore equivalent quantities.
—If the resulting solution of chloride of calcium

is diluted with water to the bulk of 100 septems, then tlie solution will

be of 1° of strength, and 10 septems of it should be exactly precipitated

by 10 septems of solution of nitrate of silver of i*^ of strength.
In the same manner 10 septems of nitric acid of \qP should dissolve

the loth part of a test atom, namely, 3*175 grains, of metallic copper,

producing the loth part of a test atom of nitrate of copper. The
various compounds that may thus be formed can be evaporated and

crystallised, or preserved in the liquid state, or be tested by the reagents,
or be converted by double decomposition into other salts. Thus 10

septems of chloride of barium of 10° mixed with 10 septems of sulphate
of soda of 10^ will be totally decomposed, producing the loth part of

a test atom of insoluble sulphate of barytes, and the i oth part of a test
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atom of soluble chloride of sodium. By filtmtion, washing, and evapo-
ration to dryness, both may be obtained separately in the solid state.

It is quite evident that a vast number of accurate experiments may thus

be performed with facility and great economy.

Experiments with Test Liquors of 50.

These experiments are to be performed
in the manner just described. 10 sep-
tems of each liquor are to be measured

by means of a graduated pipette, fig. 96.
The liquors are to be mixed in a glass

flask, fig. 97, or a beaked tumbler, fig. 98,
both thin enough at the bottom to bear

heating over a spirit-lamp. When there

is a precipitate, it is to be collected on a

paper filter placed in a glass funnel, fig. 99,
and to be washed with pure water, by means
of the washing-bottle, fig. 100, the water

from which is expelled by the tube h,

when you blow into the tube a. The

washings are to be added to the solution,

which is to be poured into a small porcelain

evaporating basin, and to be evaporated as directed at page 55, that the

salt it contains may crystalhse. If you possess a microscope, a drop of

the solution, with some of the precipitated salt, should be placed on a

glass slider, and examined under the microscope. Sulphate of lime

/

96.

other precipitates often show very beautiful and characteristic
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crystals. A drop of the filtered solution after concentration by heat

should also be examined thus, when the forms of the different salts will

be distinctly perceptible.

Experiments on the Composition of Salts.

1. Mix sulphuric acid with ammonia. Evaporate and crystallise.

The product is sulphate of ammonia.

2. Mix sulphuric acid and soda. Evaporate and crystallise. Pro-

duct, sulphate of soda.

3. Mix sulphuric acid and potash. Crystallise. Product, sulphate
of potash.

4. In the same way, muriatic acid and ammonia produce chloride of

ammonium.

5. Muriatic acid and soda produce chloride of sodium.

6. Muriatic acid and potash produce chloride of potassium.
Nos. 5 and 6 can be crystallised by slowly evaporating the water.

7. Nitric acid and ammonia produce nitrate of ammonia. Crystalhse.
8. Nitric acid and soda produce nitrate of soda. Crystallise.

9. Nitric acid and potash produce nitrate of potash. Crystallise.

10. The salts produced by mixing caustic alcalies with acids can also

be produced by mixing the carbonates of the alcalies with acids, the

carbonic acid being discharged in the state of gas.
1 1 . When equal measures of an acid and an alcaline test solution of

the same degree are mixed together, the resulting solution has only half
the degree of the components. 1000 septems of sulphuric acid of lo-*,

and 1000 septems of soda of 10°, produce 2000 septems of sulphate of

soda of 5° ;
because there is present in all only 10 test atoms of sulphate

of soda, and that is dissolved in 2000 septems of solution.

Double Decomposition of Salts.

In these experiments use i o septems (or, if you prefer it, 2 5 septems)
of each liquor. Boil the mixture and let it cool. The precipitates are

to be separated by filtration, and the salts remaining in solution are to

be crystallised. Double decomposition of salts, effected by equivalent

quantities of solution, is rarely quite complete. Sometimes part of one

of the original salts is carried down by the precipitate : sometimes part
of what should precipitate remains dissolved in the mother liquor.

Nevertheless, this set of experiments gives very striking and instructive

results.

12. Mix sulphate of soda and chloride of calcium. Boil. Products,

sulphate of lime crystallised, and chloride of sodium in solution.

13. Mix sulphate of soda and nitrate of lime. Products, sulphate of

lime crystallised, and nitrate of soda in solution.

14. Mix sulphate of soda and chloride of barium. Products, sulphate
of barytes in powder, and chloride of sodium in solution.
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Experiments with Phosphate of Soda 0/ i°.

15. Mix 5 measures of this solution with i measure of chloride of

calcium of 5^. Product, phosphate of lime precipitated and chloride of

sodium in solution.

16. Mix 5 measures of the phosphate of soda of 1° with i measure

of nitrate of lime of 5°. Product, phosphate of lime precipitated and

nitrate of soda in solution.

These experiments give examples of the manner in which the nature

and relations of saline manures may be explained in schools where agri-

cultural chemistry is taught.
The teacher can not only show the substances in their crystallised

condition, and say,
*' This is nitrate of soda—this is sulphate of soda—

that is gypsum," &c., but he can demonstrate the properties of the

proximate elements of these salts
;
he can exhibit experimentally the

differences between acids and bases, and can use the tests by which the

individuals of each class are severally identified. He can then with

facility and certainty compose the salts before the eyes of the pupils,

making common salt and nitre, and glauber's salts and sal-ammoniac,

by the mixture of corrosive acids and alcalies ;
and producing insoluble

gypsum and bone-earth by the mixture of limpid solutions. It cannot

be doubted that, in agricultural schools, experiments of this practical

kind, made, as they could be made, thoroughly intelligible to the pupils,
would be productive of very beneficial results. The nature of the saline

manures would be better comprehended, and the cheating practised by
dealers in manures, would be in a great measure prevented. No young
iianner who had performed, or had seen performed, the analytical expe-
riments described in the preceding pages, would over vaj the price of

guano for a mixture of brickdust and spent bark, or even pay the price
of good saltpetre for a mixture containing forty per cent, of common
salt—examples of agricultural economy which stand on record, and are

perhaps not unfrequent. Teaching of this sort might induce farmers to

let their sons remain at school a little longer than they are now con-

tented to do for the sake of acquiring what they are apt to regard as

unmarketable book learning.

Experiments with these equivalent test liquors might be multiplied
to an indefinite extent. Besides those which depend upon the action of

two such liquors, you can, on the one hand, take a given quantity of a

test acid, say 10 septems (t4o ^^st atom), and act upon it with various

metals, oxides, carbonates, &c., and ascertain the quantity of salt pro-
duced,- and, on the other hand, you can, with the same quantity of
a test alcali, examine the saturating powers of various acids, and the
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quantity of salt thus produced. With little trouble and with little

expense, you can in this manner carry out a very extensive series of

chemical researches. You do not, indeed, make conflagrations and

explosions at every step, you miss the thunder and lightning of the

lecture-room, you escape from the hilarity of holiday chemistry; but

you gradually acquire the knowledge, the resources, and the power of

the philosophical chemist.
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THE EADICAL THEOEY.

According to the Radical Theory, the chemical compounds which

commonly bear the name of Salts are not composed, as they are

usually assumed to be composed, of Acids and Bases, but are held to be

quite free from Acids and Bases, and to have for their proximate con-

stituents substances which are called Radicals.

Thus, for example, sulphate of lead is not to be considered as a compound
of the base called oxide of lead = PbO, with the acid called sulphuric
acid = SO^ but as a compound of the Basic Radical called Lead = Pb,
with the Acid Radical called Sulphur = S, in connection with a certain

quantity of Oxygen = 0^. On the radical theory, the atomic weight
of oxygen is doubled, which reduces the number of atoms present in

this compound from four to two.

The notion that sulphate of lead contains oxide of lead combined
with sulphuric acid is repudiated, because it cannot be proved, by expe-
riment or by argument, to be true, and because, indeed, all existing
evidence which bears upon the point tends more to disprove than to

prove the truth of such an assumption. It can only be proved by
experiment that the substance in question contains lead, and sulphur, and

oxygen; but no evidence is available to show in what manner the

oxygen is divided between the lead and the sulphur, or whether it is all

fixed in combination with the one element or with the other. For these

reasons, the advocates of the radical theory restrict themselves to the

declaration that sulphate of lead is a compound of lead and sulphur,
oxidised or combined with oxygen in some unknown manner, and they
express this limited knowledge of the composition of the salt by writing
the formula thus : PbSO^, which states only to the least possible extent

what is conjectured in addition to what is known.
Some reader may perhaps consider that this is a step rather back-

wards than forwards in chemical theory. He may think that the

theory which is expressed in the formula PbO,SO^, is more exact, or,

at any rate, more explanatory than that which is expressed by the for-

mula PbSO\ But he must bear in mind that chemistry is, or ought to

be made to be, a science of facts, and that when, without knowledge
or proof of truth, we assume that the oxygen which is present in sul-

phate of lead is absolutely divided in such a manner that one-fourth
of it is combined with the lead and three-fourths of it with the sulphur,
we quit the firm ground of certainty to plunge into the slough of cpnjec-
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ture. We are no longer occupied with the science of facts, but wander
in the region of fanciful plausibilities.

The Radical Theory, then, is an attempt to keep chemical reasoning
connected as closely as possible with chemical facts, in order to restrain

the practice of building flimsy scientific speculations upon insecure

foundations—ornamenting the domain of chemistry with castles in

the air.

Let it not be imagined that the discussion of this subject is unsuited

to the pages of a work devoted to teaching the rudiments of the science.

In the present condition of chemistry, the experimental part of which is

becoming reduced to methods of great precision, while the theoretical

part is flooded with hypotheses of the most discordant character—some
of them sober and reasonable, some splendid but fantastic—it is essen-

tial for every student to acquire for himself, not only the art of patient
examination of facts, but the power of independent judgment as to

theories.

I shall state in a few words the principles of the Radical Theory,
which will afterwards be illustrated by numerous examples. The point
to which I wish particularly to direct the reader's attention, is, that

the great phenomena and most important facts of chemistry can be

more satisfactorily explained by the radical theory than by any other

theory.

According to the radical theory. Every Salt is composed of two Radi-

cals. These radicals may he simple or compound. The salt may he oxidised

or not oocidised.

Every element, except oxygen, can act as a radical. Oxygen never

acts as a simple radical, nor forms part of a compound radical. The quan-

tity of an element which constitutes a radical is an atom, or as much as

forms a single volume of gas. Some of the metallic elements form two

radicals which differ in weight and properties. The following is a

Table of the simple or elementary radicals, with their symbols and

atomic weights. I have added to the Table the atomic weights adopted

by Professor Miller, to show the divarications in the instances where

1 admit that one element can produce two different radicals. The fact^

and arguments which justify this assumption
—that one element car

form two different chemical radicals—two combining atoms of differem

weights and different properties, each equivalent in chemical force tc

the other atom and to the radicals formed by every other element—ar<

given at length in my treatise on the Radical Theory,^ to which worl

I must refer those readei*s who wish to become thoroughly acquaintet

with this subject. I shall, however, bring forward in several chapter

of this volume the principal facts and arguments which support thi

theory of double equivalents.

* The Radical Theory in Chemistry, By John J. GrifBa,. Loadon, 1858.



123

EQUIVALENT WEIGHTS OF ELEMENTARY RADICALS.
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Elements.
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COMPOUND RADICALS.

Compound radicals are of several kinds, such as—
(i) Compounds of carbon and hydrogen.

(2) Compounds of carbon and nitrogen.

(3) Compounds of nitrogen, phosphorus, arsenic, or antimony,
with hydrogen.

The quantity of a compound which constitutes a radical is as much
as forms a single volume of gas. When the compound is not gaseous,
the radical quantity is as much as is equivalent in saturating capacity to

a single volume of hydrogen or of chlorine.

Vice-Radicals are compounds that contain carbon and hydrogen or

nitrogen and hydrogen ; but in which some, or all, of the hydrogen has

been replaced, atom for atom, by chlorine or any other element, oxygen
alone excepted. These vice-radicals forai salts in nearly the same

manner, but not with quite the same energy, as the normal radicals

from which they are derived.

Every Gaseous Salt measures two volumes^ which is the measure of

its two radicals, whether they are simple or compound. When a

gaseous salt contains oxygen, that element adds to the weight but not

to the measure of the gas : it increases its specific gravity, but not its

volume. Oxygen measures nothing in any gaseous salt whatever.

Though a compound radical that measures one volume in the state of

gas, still measures one volume when combined with one or more atoms

of oxygen, the oxygen is not to be considered as a constituent part of

the radical, but only as an addition to it.

Muriatic acid, HCl, may be taken as the model of a salt. Any basic

radical, simple or compound, may replace H, and produce a chloride =
MCI, such as chloride of potassium = KCl, or chloride of methyl = CH^,C1.

Any acid radical, simple or compound, may replace CI, and produce
another hydride, such as HBr, HS, or H,C'H'.
When either or both radicals of a salt are oxidised, the compound is

an oxygen salt. It is in all cases impossible to determine whether the

oxygen of a salt is combined exclusively with either of the two radicals,

or divided, equally or unequally, between them. In framing equations
for the purpose of explaining theoretical opinions respecting the consti-

tution or transformations of compounds, we may place the oxygen in that

manner which best answers our special intention ;
but in the construction

of formulae for purposes of classification or nomenclature, the oxygen
Bhould, in all cases, be put together at the end of the formulae.

Since all gaseous salts that contain two radicals form two volumes
of gas, whether the radicals are simple or compound, oxidised or not

oxidised, it is assumed, that every compound radical, if isolated and

brought into the gaseous state, would measure one volume. In justifica-
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tion of this assumption, it may be added, that every gaseous compound
radical that has yet been isolated measures one volume, and is the equi-
valent of one volume of hydrogen or of chlorine.

Salts combine with one another, so as to form double, triple, quad-

ruple, and other forms of compound salts.

Radicals, whether simple or compound, are divisible into two classes,

namely,
—
Acid radicals, or Electro-Negative radicals.

Basic radicals, or Electro-Positive radicals.

Among the simple substances, the Metalloids, or Non-metallic ele-

ments form Acid radicals, while the Metals generally form Basic radicals,

though several of them form Acid radicals. The element Hydrogen
holds an intermediate rank. It is a basic radical when in combination

with a metalloid. It is an acid radical when in combination with a

metal. The presence or absence of Oxygen does not change this rela-

tionship. Thus :
—

HCl = Hydrochloric acid "I Have acid properties depend-
HSO* = Hydrated sulphuric acid j ing upon CI and S.

BaHO = Hydrate of barytes 1 Have basic properties d(

KHO = Hydrate of potash j ing upon Ba and K.

The properties which bear the names oi Acidity and Alccdinity depend

upon the presence of Hydrogen, and cannot be manifested in its absence.

Blue litmus and Red litmus are not affected in colour by any substance

that is free from hydrogen.
One principle on which the Compound radicals may be separated into

Basic and Acid will be explained in the section on hydrocarbons. But

there is no specific line of demarcation between basic and acid radicals,

not even of those which are elementary. What has been stated of the

varying power of hydrogen is true of the radicals produced by most

other elements. They act as basic radicals under one set of circum-

stances and as acid radicals under another set. We can, nevertheless, give
to the Elements a classification which approximates to correctness, and

which, though subject to numerous exceptions and corrections, affords

useful general views of the relations which the elementary radicals beai

to one another in respect to their principal faculty of combining togethei
to form salts.

CLASSIFICATION OF ELEMENTARY RADICALS.

Class I.

The only Element which does not act as a Radical.

I. Oxygen. Symbol = 0.
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Class n.

The Element which acts against the Metals as an Acid Radical,
AND against the MeTALLOIDS AS A BaSIC RADICAL.

2. Hydrogen = H.

Class III.

Elements which produce Acid Radicals.

3.
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51-

52.

53-

54-

55-

56.

57-

58.

59-
60.

61.

62.

63.

64.

65.
66.

67.
68.

69.

Seotion IV.—

Iron :

The Ferrous radical = Fe
The Ferric radical = Fee

Manganese :

TheManganous radical = Mn
The Manganic radical = Mnc
Nickel :

The Niccolous radical = Ni
The Niccolic radical = Nic
Cobalt :

The Cobaltous radical = Co
The Cobaltic radical = Coc

Copper :

The Cuprous radical = Cu
The Cupric radical = Cue
Uranium :

The Urous radical = U
The Uric radical = Ue
Bismuth :

The Bismous radical = Bi

The Bismie radical = Bic

Tin:

The Stannous radical = Sn
The Stannic radical = Snc
Lead = Pb
Zinc = Zn
Cadmium = Cd

Metals proper.

Mercury :

The Mercurous radical = Hg
The Mercuric radical = Hgc
Silver = Ag
Gold:

The Aureus radical = Au
The Auric radical = Auc
Platinum :

The Platinous radical = Pt
The Platinic radical = Ptc

Ilmenium : = II

Iridium :

The Iridous radical = Ir

The Iridic radical = Ire

Osmium :

The Osmous radical = Os
The Osmie radical = Osc

Palladium :

The Pallous radical = Pd
The Pallic radical = Pdc
Rhodium :

The Rhodous radical = Rh
The Rhodic radical = Rhc
Ruthenium :

85. The Ruthous radical = Ru

87. The Ruthic radical = Rue

70.

71-

72.

73-

74-

75-

76.

77-

78.

79-

80.

82.

83.

84.

85.

Those who have been accustomed to consider the chemical equivalent
of an element to be one indivisible atom may feel averse to admit thai

that time-honoured doctrine is fallacious. Yet, that it is fallacious is

clearly the fact. There is no evidence to prove the existence of indivi-

sible atoms, and consequently none to prove that each element has only
one atom or combining quantity ; while the existing groups of chemical

phenomena demand for their explanation the assumption of the double

equivalents, or double radicals, which are enumerated in this Table.

To give a general notion of the nature of these double radicals, I may
explain that the salts which are commonly called protosalts, or salts of

the assumed protoxides of the metals, contain the larger of the two

equivalents, or that which I call the basylous atom, while the salts

which are commonly called the sesquisalts, or persalts, being the salts

produced by the so-called sesquioxides or peroxides of the metals, are

those which contain the smaller of the two equivalents, or that which I

call the BASYLic atcm.
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The basyloiis and basylic atom of the same element are each equiva-

lent in chemical force to tlie other and to a single volume of hydrogen.
Each radical can make a salt with the same quantity of any acid radical,

simple or compound, organic or inorganic, oxidised or not oxidised.

They have, under all circumstances, that perfect chemical equivalency to

one another which distinguishes the atoms of two different metals, and

as their compounds all differ essentially from one another as well in

chemical properties as in weight, the two radicals might be taken for

two different metals were it not for the peculiarity that they are readily

convertible one into the other, under circumstances that are perfectly

intelligible and perfectly under our control. Thus—
1. When Basic Radicals in excess are exposed to the action of a

limited quantity of AciD Radicals^ the Basic Radicals assume the

Basylous state.

2. When Basic Radicals in limited quantity are exposed to the

action of an excess of Acid Radicals^ the Basic Radicals assume
the Basylic state.

These laws are the exponents of experimental facts, and they present

striking evidence in favour of the electrical theory of binary combination.

One basic radical can combine with only one acid radical. There is no
such thing as combination in multiple proportions. That doctrine is

fallacious and deceptive. The basic metals produce their small or their

large atoms according to the requirements of the metalloids or acid

radicals with which they are at any time placed in action. The physical
or metaphysical question respecting the constitution of atoms has nothing
to do with this consideration. I am speaking of acting chemical quan-
tities, such as we have actually to work with in our laboratories. I find

there that a metal can and often does give us two different chemical

combining quantities, each possessing the powers and properties of a

perfect chemical atom. If this is true, and if it disagrees with the

Atomic Theory, we must next inquire whether the Atomic Theory is

true. But without prejudging that question, this much may be safely

assumed, that, whatever may prove to be the constitution of matter,
whatever may be the physical nature of atoms, all the substances which
we call elements act chemically in quantities which we call equivalents,
whilst several elements produce two such chemical equivalents, different

from one another in weight and in the properties of their salts, but alike

in chemical force or saturating capacity, exercising, therefore, the func-

tions of two different radicals, and requiring to be so esteemed.
The radical theory modifies in a peculiar degree the chemical

character which is usually ascribed to oxygen. Hitherto, chemists

have been accustomed to consider oxygen as a centre round which
all other elements gyrated

—the sun of the chemical planetary system.
It exercised the most extensive and most antagonistic functions.

It was essential to the constitution of a Base. It was essential to
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the constitution of an Acid. The Base and the Acid combined to form
a salt, in which the oxygen must have played two opposite characters, or

if, in the salt, the oxygen played but one part, then the base and the acid

must have ceased to have two separate existences. But the plain fact

is, that there does not exist the slightest evidence to prove the trath of

the assumption that salts contain acids and bases, and that in these acids

and bases the oxygen is divided between the metalloids and metals in

certain unequal ratios—such as, 2toi,3toi,5toi,7toi, &c. All

these assumed intercombinations of atoms is only a play of the fancy
—

mere guess-work, which ought not to be considered as sober scientific

knovv'ledge. The salts contain metals and metalloids, or compound
radicals which are equivalent to them, atom for atom. There is no
doubt of that. They also sometimes contain oxygen, though we do not

know in w4iat condition. The radical theory proves to us, that the

substantive elements of a salt, whether it is acid, alkaline, or neutral,

are the two radicals w^hich it contains. Without two radicals there can

be no salt. Without oxygen we can have many salts. Any two

radicals, simple or compound, can form a salt, with no oxygen, with one

atom, or two, or three, or four atoms of oxygen. The equivalency of

the radicals is not affected by the presence or absence of oxygen. Those
salts which have no oxygen are as perfect in their characters as those

which have much oxygen. Those salts which are gaseous have no
increase in volume from the acquisition of oxygen. A volume of

hydrogen in combination (not forming part of a radical) measures a

volume
;
so does a volume of chlorine. One, two, or three volumes of

oxygen in combination with two radicals, measure nothing beyond the

measure proper to the two radicals. Oxygen, therefore, is not a radical,

or salt-former^ in the sense in which hydrogen, chlorine, the metals, and

the hydrocarbons are radicals. A volume of it is not the equivalent,
either of one volume, or of two volumes, of hydrogen or of chlorine. Its

action is peculiar to itself, and not a property which it holds in common
with other elements. In forming our notions of salts, and in framing
our plans for their classification, we should consequently do so without

regard to the presence or absence of oxygen. For that reason, we say
that a compound of two radicals is a salt, whether the radicals are

oxidised or not. And by enlarging our conception of the word
"

radical," so that it signifies either elements or compound radicals, we
are provided with a theory of the salts that applies equally to inorganic
and to organic chemistry.

Oxygen is not only unnecessary to the existence of a salt, but it is

not even the acid-foi^mer in the sense that many chemists so consider

it. Even among inorganic compounds, oxygen, as was many years ago

pointed out by Davy, is not the cause of acidity. Chloride of potassium
z= KCl is a neutral salt, and when three atoms of oxygen are added,

producing chlorate of potash =KC10', the salt is still neutral. The

hydrate of chloric acid = HCIO^ is an acid. Remove all the oxygen,
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leaving hydrochloric acid = HCl, and the compound is still acid. So,

among compoimd organic radicals, the presence or the quantity of oxygen
is not the cause of acidity. An acid requires the presence of an acid

radical. An acid radical can sometimes be produced by the action

of oxygen on non-acid compounds, but even then the acid is seldom the

result of the mere addition of oxygen. Other circumstances operate to

this end, and, among these, one of the most important, as I shall show
in treating of the hydrocarbons, is the right apportionment of their

hydrogen to their carbon.

THE CONSTRUCTION OF FORMULAE.

It should be adopted by chemists as an inflexible rule, to use no

letters, figures, or other symbols in writing formulje, but such as can be

printed by the types commonly kept in every printing-office. There

should be no crossed letters, and no brackets, or copulas that require an

unusual description of type.
The theory of the constitution of the salts which I am now

advocating, namely, that every salt consists of two radicals, simple or

compound, oxidised or not oxidised, is one that leads to a simple and

regular method of writing formulae. For example, the benzoate of

methyl contains the two radicals benzyl and methyl, combined with two
atoms of oxygen. We may consider the two radicals to be each com-

bined with one atom of oxygen, and may represent the salt as a

combination of the two oxidised radicals CH^O-fC^ffO ; but, con-

sidering that, in cases of double decomposition, the division of the com-

ponents of this salt seems to take place, not where the sign -f- is placed,
in the above formula, but in the following manner : CH^ -j- 0,C^H*0,
so that all the oxygen appears to go with the acid radical, it is expedient
in this and all cases of oxidised salts, to put the whole of the oxygen
together at the end of the formula, thus : CW,(JWO^. We have here

distinctly placed before us the two acting substances of the salt ; first,

the basic radical, and next, the acid radical, while the subjunctive oxygen
is thrown to the end. It is not to be understood, from this proposal,
that I wish it to be considered an ascertained fact, that in every salt the

oxygen is wholly combined with the acid radical. It may be so, but we
have no proof that it is so, and I do not pretend to decide this difficult

question. The proposal to indicate all the oxygen in one sum is simply
to give regularity to the formula, and, as I shall show presently, to

facilitate the construction of a systematic nomenclature.

When there are several radicals, as in all cases of compound salts, they
are to be written in a straight line, separating them from one another by
a comma, and placing a semicolon before the acid radical. Thus—

Na, C^H^S^O^. . . Sulphite of soda and valeryl.

Na, NH*, H ; PO* , . Phosphate of soda and ammonia.
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This method of writing formulaa is equally applicable to the salts of

inorganic radicals. Thus, the sulphates are to be written MSO*, the

oxalates MCO^, the carbonates M,M ; C0^ the nitrates MNO^ &c.

It does not appear to me to be advisable to adopt abridged symbols
for the hydrocarbon radicals, such as Et for ethyl, A for acetic acid, and

the like. The full symbol for the radicals of such compounds is only

C"H°; so that little is gained by abridgment, while we lose the

important advantage presented to the eye by the factors which belong
to the full symbols. One need not object to Cy instead of CN, because

it does not tax the memory ;
but the symbols of the basic and acid com-

pound radicals containing H and C should never be abridged.

SYSTEMATIC NOMENCLATURE.
I have defined a salt to be a compound of two radicals, simple or

compound, with or without oxygen. I proceed to show in what
manner such compounds can be provided with simple and accurate

names.

The name of each salt is to consist of two words, the first of which is

to designate the basic radical, and the second to designate the acid

radical, and to specify the number of atoms of oxygen, if any is present.
The names of simple radicals are, of course, to be the names of elements

or some convenient abridgments of them, such as I have proposed for

consideration in the last column of the Table at page 123. The names
of compound radicals of the hydrocarbon series, may be such words as

ethyl, acetyl, and benzyl. Of these there must be one for every hydro-
carbon known to exist. In the selection of such names, it is advisable

to avoid those which indicate numbers : trityl, octyl, and the like.

The atoms of oxygen are to be indicated by a change in the termina-

tion of the name of the acid radical of each salt. The numerals which
I propose for this purpose are as follow :

—
I ate.
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Such of the elements as give two radicals already possess character-

istic terminations—ous and ic, which must not be displaced bj the

numerals. See the Table of Elements at page 123. I propose to insert

the numerals between the root of each name and its terminal ous or ic.

Thus :—

Ferranous = Ferr-an-ous = one ferrous atom.

Ferrinic = Ferr-in-ic = three ferric atoms.

But when only one atom is spoken of, the numeral may in all ordinary
cases be omitted, and, without causing any doubt to arise, we may
say
—

Ferrous . . for one ferrous atom.

Ferric . . for one ferric atom.

In some compound words it may be proper, for the sake of brevity, to

omit the terminal ous, but the same liberty must never be taken with

the terminal ic, otherwise the distinction between the two kinds of

radicals would be lost.

When speaking in a general sense of the non-oxidised salts, I propose
to use the termination ane, as in the following examples :

—
Present Names. Proposed Names.

Fluorides or hydrofluates
= Fluoranes.

Chlorides or Hydrochlorates
= Chloranes.

Iodides or hydriodates = lodanes.

Bromides or hydrobromates = Bromanes.

Sulphides or hydrosulphates = Sulphanes.

Phosphides or phosphurets = Phosphanes.
Carbides or carburets = Carbanes.

But in speaking of individual compounds of this kind, I prefer the use

of the termination a. Thus :
—

I

Muriatic acid = HCl = Hydra chlora.

Chloride of sodium = NaCl = Natra chlora.

Sulphuret of potassium = KS = Potassa sulpha.
Fluoride of Calcium = CaF = Calca fluora.

The following examples show the relation of the names required for

dised salts to those required for non-oxidised salts :
—

Hydrochloric acid = HCl = Hydra chlora.

Hydrated chloric acid = HCIO^ = Hydra chlorite.

Chloride of barium = BaCl = Baryta chlora.

Chlorate of barytes
= BaClO' = Baryta chlorite.

Sulphuretted hydrogen = HS = Hydra sulpha.

Hydrated Sulphuric acid = HSO* = Hydra sulphete.
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Sulphuret of iron = FeS = Ferrous sulpha.

Protosulphate of iron = FeSO* = Ferrous sulphete.

Hydrocyanic acid = HCy = Hydra cyana.

Hydrated cyanic acid = HCyO = Hydra cyanate.

Cyanide of Potassium = KCy = Potassa cyana.

Cyanate of potash = KCyO = Potassa cyanate.

When a hydrated acid becomes a salt, the basic hydrogen is replaced

by a basic radical, and in the nomenclature, a corresponding change
takes place, the abridged word hydra, signifying hydrogen, being replaced

by the abridged name of the basic radical (see page 123), while the name
which indicates the acid radical of the salt, and w^hich, at the same time,

enumerates the oxygen, remains unchanged. Thus, substituting Barytes
for Hydrogen,

—
Hydra chlora = HCl, becomes Baryta Chlora = BaCl.

Hydra chlorite = HC10^ „ Baryta Chlorite = BaClO".

In the designation of compound salts, I propose to abridge certain

phrases, as follow :
—

Combined with one atom of by the word cum.
Combined with two atoms of „ his.

Combined with three atoms of „ tris.

To denote water of crystallizatiox, I propose to abridge the term

aqua to aqu, and to add the terminals of the oxygen series. Thus :
—

Aquate will signify one atom of water.

Aquete ,, two atoms „

Aquite ,, three atoms „

Aqueze „ seven atoms „

Aquabete ,, twelve atoms ,,

A more complete explanation of this new nomenclature, with ex-

amples of its application to compounds of every description, will be

found in my w^ork on the Eadical Theory. It would be out of place in

this elementary treatise to press the subject unduly upon the reader's

attention. I content myself with giving this short general explanation,
to be followed in the body of the work by some examples. It is not

likely that, in the present disorganised condition of theoretical chemistry,

any systematic nomenclature will be generally adopted ;
but it may be

useful to the student to know^ wiiat can be done in that direction, with

a view to changes that must necessarily take place not long hereafter.

When the schools come generally to admit the non-existence of acids

and bases, they will renounce the use of a nomenclature w^hich implies
the profession of a faith that will then be out of fashion.
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THE CONSTITUTION OF GASES AND VAPOUES.

Among the methods that have been suggested for determining how-

much of an element constitutes a combining proportion, the one which

is apparently least liable to error is that which considers the specific

gravities of elementary gases to be the expression of their combining

proportions. Upon that idea,

the atomic weight of oxygen is = 1 6
that of hydrogen is = i

„ chlorine is = 35*5
,, nitrogen is = 14

It was pointed out by Gay-Lussac in the year 1 809, that the combining

weights of elements which produced gases, actually had this relation to

the weights of single volumes of gases, so that combination actually
took place either between even volumes of gases or between simple

multiples of even volumes. It is consequently made a fundamental

principle of the Radical Theory, that a gaseous element has an atomic

measure of one volume, which means that its specific gravity is equal
to its chemical equivalent, or its atomic weight, or its combining pro-

portion.
A second axiom of the Radical Theory is, that every compound

radical which acts as the equivalent of an atom of hydrogen or of

chlorine, measures, in the gaseous state, like its equivalents, one volume.
In all cases, where these compound radicals have been isolated and

weighed, they have been found to agree with this axiom. Thus one

volume has been found by experiment to be the atomic measure of the

following organic compounds :
—

CH Formyl.
C W Vinyl.
C H^ Methyl.

C^W Ethyl.
C^H^ Allyl.
C*H^ Butyl.
CN Cyanogen,

C'H" Amyl.
C«H'^ Hexyl.

AsC^H^ Cacodyl.

In the third place, compounds of two radicals, whether the radicals

are simple or compound, oxidised or not oxidised, are assumed to form
two volumes of vapour, because their two radicals combine without con-

densation. The groups of compounds presented in the Table of gases
and vapours, show many proofs of the correctness of this assumption,

among the hydrocarbons, to which I may add the following compounds,
each of which forms two volumes of gas :

—•
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HHO Water.
HCl Chlorhydric acid.

HBr Bromhydric acid.

HI lodhydric acid.

HCy Cyanhydric acid.

CyBr Bromide of cyanogen.

CyCl Chloride of cyanogen.

C'WCy Cyanide of phenyl.

So far the atomic measures, both of elements and compounds, are all

regular. There is one volume for an atom of a radical, and two volumes

for an atom of a compound of two radicals. But the above compoimds
amount to less than half the number of known gases and vapours, and

we have now to consider the compounds whose measures are apparently

irregular.
The fact has already been pointed out, that oxygen, which, in the

free state, measures one volume, measures nothing when in combination

with two radicals, but serves only to increase the weight of the com-

pound into w^hich it enters. I cannot account for that fact, and will

not dwell upon it, but proceed to the consideration of the properties of

other elements, a summary of which is presented in the Table printed
on pages 138 and 139. In this Table, the gasifying powers of those

elements which become constituents of volatile compounds, are dis-

criminated with precision. Thus, the Table shows, with regard to

each radical,

1) Its atomic weight, which, in the cases of O, H, CI, Br, I, N, and

Hgc, is the weight of one volume of its gas or vapour.

2) Its atomic measure when isolated.

3) Its atomic measure when it exists in the state of a salt, that is to

say, when it forms part of a compound in wnich two radicals,

(exclusive of oxygen) are present.

4) The condensing power of one atom of the radical on each volume

of every radical with which it is in combination. JL

The last two particulars have been hitherto overlooked by chemists.T'

I have added to the list of gasifying elements a short list of gasifying

compounds, and a Table of Exceptions w^hich exist among inorganic

gases. In my larger w^ork I have described a few irregularities among
organic compounds.

It is not a little remarkable that those gases which are most conform-

able to general laws, are the gases w^hich are produced by organic com-

pounds
—

gases which up to a recent period were considered to be most

irregular in their constitution and most incapable of subjection to general

laws; while those gases which are actually most irregular and most

incapable of reduction to the laws which are applicable to the great body
of gases and vapours, are the inorganic gases which have liitherto beec

held by chemists to be most orderly and regular.
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Method commonly employed hy Chemists to find the specific gravity

of Compound Gases.

The usual method of calculating the specific gravities of compound
gases is described by Sir Eobert Kane as follows (Elements of

Chemistry (1849), page 290).
*' The simplicity shown to exist

between the volumes of the constituent and compound vapours,
enables us very often to calculate beforehand what the specific gravity of

a vapour should be, and thus to ascertain how closely the numbers
found experimentally approach to absolute correctness. . . . The

general rule is to multiply the specific gravities of the simple gases or

vapours respectively, by the volumes in which they combine, to add
these products together, and then to divide the sum by the number of

volumes of the compound gas produced."
To be able to put this rule into practice, we must know the specific

gravities of the gases, as commonly expressed in terms referring to

the density of air as unity, and we must also know the assumed com-

bining volume of each elementary gas, and the measure of the com-

pound gas.

Advantages of the method suggested by the Radical Theory.

On the radical theory, we require only the formula of the compound
gas, and the data presented in the following Table, to be able to calculate

not only the specific gravity of the compound gas, but its atomic

measure also, which is a quantity that the ordinary rule requires to be

given as one of the data from which to calculate the specific gravity.

Examples :
—

HHO = Water. Atomic weight i-f-i+ i^=i8. The two atoms
of hydrogen measure two volumes, and the oxygen measures nothing.
Hence the atomic measure is two volumes, and the specific gravity is

1 8-r-2 = 9. To find the specific gravity in terms referring to air taken at

I'OO, the specific gravity 9 must be divided by 14*47, which represents
the specific gravity of atmospheric air when unity is hydrogen (H =

i).
SncCl = 67i^onc?e of Tin. Atomic weight 29*54-35*5 = ^5- The

atom of tin measures nothing in combination, and reduces the measure
of the chlorine from one volume to half a volume. Hence the atomic
measure is half a volume, and as it requires two atoms of the compound
to complete one volume, the specific gravity is 65 x 2 = 1 30.
C*H%S+ HS. Mercaptan. The hydrosulphate of sulphide of ethyl.

Atomic weight, 29 4- 16 + i + 16 = 62. The atom of ethyl, like all

the compound organic radicals, measures one volume in combination.
The atom of hydrogen measures one volume. The two atoms of sulphur
measure nothing. No condensing power is present. The total measure

Eiently

two volumes, and the specific gravity is 62 ~ 2 = 31.

[Continued at page 139.]
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One of the marvels of modern chemistry is the persistence of its

professors in the practice of comparing the specific gravities of gases
with that of common air taken as unity. To be consistent, they should

adopt the additional absurdity of taking the composition of common air

as the standard of the atomic weights. Just look at these two examples
of specific gravities! The atomic weight of mercaptan is 62, and its

specific gravity is 31 ; the atomic weight of alcohol is 46, and its spe-

cific gravity is 23 ;
but these numbers are too simple to have the proper

look of philosophical profundity, so The Authorities of our science fix

the specific gravity of mercaptan at 2-15822, and of alcohol at 1*60049—beautiful numbers ! which contain the quantity of Egyptian darkness

necessary to render them grand and mysterious, and which confer upon
the scientific world the remarkable advantages that always flow from

the statement of simple facts in terms which no memory can retain.

Table showing the Composition, Specific Gravities, Atomic Weights
and Atomic Measures of Gases and Vapours.

The compounds are arranged in this Table alphabetically, according

to the names in common use. The following particulars are given of

each :
—

1. Its formula according to the system described in this essay.

2. The observed specific gravity of the gas, stated against that of

atmospheric air taken as unity.

3. The atomic weight of each compound on the hydrogen scale.

4. The specific gravity on the same scale, H = i .

5.
Under the head of atomic measure I have given the number of

volumes which contain an atom, or equivalent, of each gas.

The original Table of gases, of which the present is an abstract, con-

tains also the following particulars :
—

6. The names of the chemists by whom the observed specific gravityj
of each gas was determined.

7. The observed specific gravity stated against the specific gravitj

of hydrogen gas taken as unity ; showing the close approximation of the

observed and calculated densities.

These particulars will be found in my work on the Radical Theory,

page 50. They present the evidence upon which the present Table

founded ;
but in this place, for the sake of brevity, I take the resuh

only and omit the evidence. Yet this Table affords the means
oj

readily comparing the evidence with the theoretical conclusions. Tl

relations between the densities of hydrogen gas and atmospheric air ar

as follow !
—

Air I4"47 1*00

Hydrogen i -oo 0*0693

Consequently, the specific gravities on the hydrogen scale, when divided
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by I4'47 give those on the air scale, and conversely those on the air

scale, when multiplied by I4'47, give those on the hydrogen scale.

In connection with the proposal to mark the specific gravities of

gases in numbers relating to their atomic weights, I take this oppor-

tunity of suggesting, that the vessels in which chemists are accustomed

to measure gases, might be graduated in such a manner as to indicate

the weight of the gases. This can be effected by adopting, as a standard

gas measure, a vessel that contains one grain of hydrogen gas, the volume
of which at 60° F., and 30 ins. Bar., is ^6"] cubic inches. This vessel

may be divided into 100 spaces, each of which will contain -j-^ grain
of hydrogen gas. A vessel, one-tenth of that size,

= 4I cubic inches,

divided into 100, would have divisions, each = xoVo" g^^i'fi
o^ hydro-

gen gas. The weight of any gas measured in these vessels would be
found by multiplying the measure of the gas by its specific gravity,

according to the theoretical number given in the following Table. Thus,
80 measures of dry nitrogen gas collected in the small tube, at 30 ins.

Bar. and 60° F., would weigh o'o8o x 14= i'i2 grain. Of course,
corrections upon the measure of a gas, collected over water at another

temperature, and under a different pressure, would have to be made as

usual. Vessels thus graduated would be useful for class experiments,
as well as for analytical purposes. To give one example,

—A receiver

for showing the combustion of phosphorus in oxygen gas, may be
known to contain 10 grains of hydrogen gas. The question is, how
much chlorate of potash will afibrd oxygen gas sufficient to fill it ?

10 grains of H = 10 atoms of H = 10 atoms of O. The formula of
chlorate of potash being KCIO^, the quantity required is 3^ atoms, and

taking the atom of this salt at 122*5 grains, we find that 122^ X 3! =
4084- grains of the chlorate of potash will give the requisite quantity
of oxygen gas.

Name op Gas.
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Name of Gas.

Allyl . . .

Acrolein .

Allyl, Sulphocyanide
Ammonia
— Carbamate .—

Hydrochlorate—
Hydrocyanate—
Hydrosulphate.

Neutral .—
Hydrotellurate

Amyl . .— Hydride .— Alcohol .— Borate
'— Chloride .

•—
Cyanide .— Iodide— Acetate .— Nitrite .— Oxalate .

— Silicate .—
Sulphide .—
Hydrosulphide— Valerianate

Anilin

Antimony, Terchloi

Antimoniuretted

drogen . .

Arsenic . . .

Acid

-— White Oxide
'— Chloride .— Iodide . .

Arseniuretted Hydroi

Arsentriethyl
Benzoic Acid, Cryst

Benzoile, Chloride

Bismuth, Chloride

Boron, Chloride.— Fluoride . .

ide

Hy-i

gen

Composition.

C^H5 .

H,C^H30
C3H5,Cy;S^ .

NH3=H,NH\
NHSNH^CO^?
H,NH2+HC1 .

H,NH2+HCy.
H,NH^+ (HS)^
H,NH^ + HS
H,NH^4.HTe
C5H" .

H,C5H"
H,C5H"0
C5H",B0
C5H",C1

C5H",Cy
C5H",I .

C5H",C^H30^
C5H",N0^
C5H",C0^
C5H",SiO
C5H",S
C5H",H; S^

C5H",C5H90^
NH,C6H5 ;

H
SbcCl .

SbcH .

As or Asc^

Asc

Asc, AscO
AscCl .

AscI
AscH .

AscC^H5

H,C'H50^
C'H5,C10
BicCl .

BCl
BF

Atomic
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Name of Gas.

Bromine ....
Bromhydric Acid .

Butyl-Amyl . .

Butyl-Hexyl . .

Butyl ....— Acetate . . .

—
Butylic Alcohol—
Hydride . . .— Bromide . . .— Chloride . .— Iodide . . .—
Cyanide (Valeroni

trile) . . .

Butylic Mercaptan .

Butyrine, or Butylene

Butyral ....
Butyric Acid, hydrate

anhydrous .

But}Tone. , . .

Cacodyl ....— Oxide (Alkarsin)— Chloride . . .—
Cyanide . . .—
Sulphide . . .

—
Oxychloride . .

Campholic Acid . .

Camphor ....
Caprylene. Octylene

Caproic Alcohol . ,

Caproic Acid . .

Caprylic Alcohol .

Carbonic Oxide .— Acid ....
Carbon, Sulphide

(Xanthyl) . .

Chlorine ....— Chloric Oxide .—
Hypochlorous Acid

— Chlorous Acid .—
Chlorhydric Acid

Composition.
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Name of Gas.
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Name op Gas.
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Name of Gas.
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Namk of Gas.

Iodine

lodohydric Acid . .

Mercury
Mercurous Bromide
— Chloride ....
Mercuric Bromide .

— Chloride ....
— Iodide

—
Sulphide....

Methyl— Hydride, Marsh Gas
—

Methylic Ether . .

—
Methylic Alcohol .

— Acetate ....
— Benzoate....— Borate (Terbasic) .

— Bromide ....
—

Butyrate....—
Caprylate . . .

— Chloride ....—
Caproate . . .

—
Cyanide (Acetoni'

trile) . . .—
Cyanurate (Cyany- )

late) . . .
.j—

Sulphocyanide .— Fluoride . . .— Formiate . .—
-Hexyl . . .— Iodide . . .— Nitrate . . .—
Salicylite . . .— Succinate . .

^—
Sulphide . . .—
Bisulphide . .—
Sulphate . . .—
(Xanthic Ether)—
Sulphocarbonate— Xanthate—
Vinylate . . .

:|

Composition.

I .

HI

Hgc
HgBr
HgCl
HgcBr
HgcCl
Hgcl
HgcS
CH3
H,CH3
CH3,CH30
H,CH'0 .

CH3,C^H^0^
CH^C'H50^
CHSBO .

CH',Br .

CH3,C^H'0^
CH^C8H^50^
CH5,C1 .

CHSC6H"0^

CH',CN .

CH^CylO

CHSCy; S^

CH^F .

CH',CHO^
CH^C^H^J
CHM .

CH^N05
CH^C'H50^
CH5,C^H^02
CHSS .

CH5,S^ .

CHSSO^
cH^cH^cs40
CH^CH^;CS'^S^?
CHSC^H5; CS-^O

CH^CH^O .

Atomic

Weight,

127.
128.

100.

280.

235-5
180.

135-5

227.
116.

Ik
46.

32.

74-

136.

34-5

95-
102.

158.

50.5

130.

41.

57-

73-

34-
60.

100.

142.

77-

152.

73-

3I-.

47-

63.
122.

138.

136.

45-

Specific

Gravity
H = i.

127.

64.
100.

140.

"7-75
180.

135-5

227.

77-33

15-
8.

16.

37-
63.

51-75

47-5

51-

79-

25.25

65.

20.5

85-5

3^.5

17-

30.

50.

71-

38.5

76.

73-

3^-

63.
61.

69.
68.

45-

Observed

Sp. Gray.
Air = I.

8.716

4-443

6.976

10.14

8.35
12.16

9.8

15.9

5-51

1.075

.558

1.617
1. 12

2.563

3.66

3-155

3.52

5-45

1.736

4.623

1.45

2-57
1. 183

2.084

3.426

4.883

2.653

5.42

5.29
2. 115

3.298

4.565

4.266

4.652

4.652
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Name of Gas.
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Name of Gas.
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hundred well-known volatile bodies. Of that large field we have an

accurate bird's-eye view. What do we see there ?

First of all we perceive, that all the hydrocarbons that act as radicals,

all those which in combination displace an atom of hydrogen or of chlo-

rine, have, in an isolated state, an atomic measure of one volume. They
are consequently the equivalents of one volume—of one atom—of one

equivalent of hydrogen. That is the case with all the radicals that have

yet been isolated
;
with methyl, whose specific gravity is i

5,
with ethyl

=
29, with allyl

=
41, with butyl = 57, and with amyl, whose spe-

cific gravity is 7 1
;

all these radicals differing so greatly in their density,
have an atomic measure equal to that of hydrogen, whose specific gravity
is I . Dr. Frankland fixed the atomic measures of ethyl, of methyl, and
of amyl, at two volumes each, and Dr. Hofmann argued that it ought
to be four volumes. But from the peculiar point of view which is

recommended in this Essay, the theoretical measure is seen to be only
one volume, and the experimental evidence proves that each compound
radical is equivalent to one volume of hydrogen.

Secondly, it appears that two-fifths of the whole have in com-

mon these two properties: they form two volumes of vapour, and

they contain two radicals. These radicals are in some cases simple, in

others compound ; sometimes they are oxidised
; sometimes not oxidised;

but the compounds all agree in the two leading characters, that there

are two radicals in every compound, and that every compound forms

two volumes of gas.
A third and very important particular which this assemblage of facts

proves is, that oxygen, when contained in a salt, that is to say, when
in combination with two radicals, has no gaseous measure. No other

element behaves in this remarkable manner. All other elements act as

radicals. Oxygen never does so.

These characters fix with precision the idea of a salt. It is a com-

pound of two radicals, which may he either simple or compound^ oxidised or

not oxidised.

The normal measure of a gaseous salt is two volumes^ but it is subject
to modification from the gasifying powers of diJQferent radicals, as shown
at pages 138 and 139.

The definition which I have given of the word salt brings under that

head many substances that are not at present termed salts. That is a

desirable result. If it is granted that oxygen is not an essential consti-

tuent of a salt, there can be no objection to this plan. But if non-

oxidised binary compounds are not salts, then kitchen salt is not a salt.

If we fly from this conclusion, and admit chloride of sodium to be a

salt, then chloride of calcium is a salt, and if chloride of calcium, why
not fluoride of calcium ? and if fluoride, why not sulphide ?

The suggestions which I have offered in regard to radicals, to fof-

mulae, and to nomenclature, point to very convenient and unifonn
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methods of arranging and naming salts, in regard to which all existing

systems are very defective. Take the case of the salts of calcium : all

the non-oxidised salts of that metal are termed salts of calcium, while

all the salts in which that metal is assumed (without proof) to be

oxidised are called salts of lime. Thus we have :
—

CaS = Sulphide of calcium.

CaO,SO' = Sulphate of lime.

CaCl = Chloride of calcium.

CaO,C10= = Chlorate of lime.

On the radical theory these salts become :—»

CaS = Calca sulpha.
CaSO'' = Calca sulphete.
CaCl = Calca chlora.

CaClO^ = Calca chlorite.

There can be no question that the latter names possess over the
former the advantages of greater regularity and explicitness.

From these notices of general principles I pass to the investigation
of the powers and properties of the chemical elements and their salts.
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1. OXYGEN.

Symbol, O; Equivalent, i6; Specific gravity of Gas, i6; Atomic Measure
when isolated, i volume ; Atomic Measure when present in Gaseous

Salts, o ; Condensing power on Gaseous Radicals, o.

Occurrence. Oxygen occurs in greater abundance than any other

element : probably one-half of the whole earth is oxygen. Water con-

tains I- of its weight, and air nearly 4- of its bulk, of this element.

Sand contains almost -i- of its weight of oxygen, and clay and lime-

stone nearly as much. It is essential to the existence, and enters

largely into the composition, of vegetables and animals. See page lo.

Properties. Oxygen forms a colourless, tasteless, invisible, and inodorous

gas, which is nearly insoluble in water, has no action on lime-water, and

does not change the colour of tincture of litmus. It is distinguished
from other gases by supporting combustion with great vigour. If a

glowing match is held in a glass containing oxygen gas, the match

instantly inflames, and burns quicker and with much greater heat and

brilliancy than in common air. Various gases which cannot alone sup-

port combustion acquire that property when mixed with oxygen. This

is the reason that combustible bodies burn in common air, which con-

tains one part of oxygen gas mingled with about four parts of nitrogen

gas. Animals live longer in a given bulk of oxygen gas than in the

same bulk of common air.

Oxygen gas is heavier than common air, in the proportion of 1 6 to

14*47, or 1-10553 to I'OOOO, Regnault. The number 16 is taken in

this work to represent the specific gravity of oxygen gas, in order that

the specific gravity and atomic weight may coincide. A cubic inch

of oxygen gas, taken when the barometer stands at 30 inches, and the

thermometer at 60° F., weighs 0'34i8, or nearly one-third, of a grain.
Its atomic measure when isolated is one volume. When it is a consti-

tuent of gaseous salts it adds nothing to their atomic measure. It has

no condensing power on the radicals with which it combines to form

gaseous salts. The gases of irregular measure into w^hich it enters are

shown at page 139. Its atomic weight is fixed at 16, hydrogen

being i. It has never been procured either in the liquid or solid state.

It has recently been discovered that oxygen possesses magnetic pro-

perties, and that the intensity of its magnetism is affected by radiations

from the sun. When the atmosphere of the sun is disturbed by those

commotions which produce what are popularly called spots in tlie sun,

tlie force of the magnetic radiations is increased, and the magnetism
of the earth and of the oxygen of its atmosphere become so intensely

excited as to produce in and around our earth the phenomena which
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have been called magnetic storms. It has been found that the mag-
netism of oxygen diminishes with an increase of temperature, and it has

thence been suspected that the daily variation in the direction of the

magnetic needle is owing to the manner in which the presence or

ubsence of solar radiation influences the magnetic force of the earth and

its atmosphere.
Ozone. It is assumed by many chemists that a peculiar substance

named ozone is a modified form of oxygen, but as the experimental evi-

dence appears to me to show that ozone is an oxide of hydrogen, I shall

describe it in the section on Hydrogen.
Oxides.—When a body is burnt in oxygen gas, it combines with

the oxygen and produces a compound which is termed an Oxide. This

oxide equals in weight the joint weight of the body subjected to

burning and of the gas burnt. Thus :
—

When sulphur is burnt in oxygen gas to saturation the gas remains

unaltered in volume, but its density is increased from i6 to 32. The

compound contains, therefore, equal weights of each element, and

requires the symbol SO. See page 149.
When carbon is thus burnt in oxygen gas, the volume remains un-

changed and the density is increased from 16 to 22. Its composition

is, therefore, O, 16 parts and C, 6 parts. When this compound gas
is passed over charcoal at a red heat its density becomes reduced to 14,
and a volume of it is found, on analysis, to contain O, 8 parts and C,
6 parts. But the atomic weight of oxygen being fixed at 16 and that

of carbon at 12, the numbers representing these two compounds must
be doubled, when we find the results to be—
For the first gas, 0,32 -|- C,i2 = CO*; atomic measure two volumes.

For the second 0,i6 + C,i2 = CO ;
atomic measure two volumes.

The compound denoted by CO* is called carbonic acid, and that de-

noted by CO is called carbonic oxide. See pages 139 and 143. Why
the atomic measure of the oxidised radical SO, is one volume, and that

of the oxidised radicals CO and CO* is two volumes, is imknown.

Compounds possessing very diflerent properties are formed by the

abination of oxygen with other elements. Thus, water consists of

:}gen and hydrogen ;
air of oxygen and nitrogen ; sulphurous acid

(}i oxygen and sulphur ; aquafortis of oxygen, nitrogen, and hydrogen ;

instic potash of oxygen, hydrogen, and potassium ;
black oxide of copper

oxygen and copper ;
lime of oxygen and calcium. Some of these com-

unds are usually called Oxides, others Acids
;
but none of them exhibit

her acid or alcaline properties in the absence of hydrogen. I pro-
se to limit the meaning of the word oxide to compounds which con-

n only one radical in combination with oxygen, and the word acid to

impounds which contain one negative or acid radical in combination

\vith hydrogen as a basic radical and either with or without oxygen.
M
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The compound which is usually called peroxide ofharium^ and written

BaO^ is more probably the normal oxide of barium ;
and its formula

should be written BaO, the atomic w^eight of oxygen being doubled.

What is commonly called harytes^ and written BaO, must be doubled to

make it agree with the radical theory, because the atomic weight of th«

oxygen is doubled. It then becomes Ba^O, or, as it is more correctM

written, Ba,BaO. This compound is to be considered a salt, having
Ba as a basic radical, and BaO as an oxidised acid radical.

When a salt of this kind comes into action with a single equivalent
of a hydrated acid, it is half neutralised and half converted into a hy-
drate :

—
BaBaO + HCl = BaCl + BaHO.

When it comes into action with two atoms of a hydrated acid it is

entirely neutralised, and its decomposition is attended with the forma-

tion of an atom of water :
—

BaBaO + aHSO^ = 2BaS0* + HHO.

This principle is applicable to all the protoxides. The protoxide
of iron, therefore, which is commonly marked FeO, becomes, on the

radical theory, Fe,FeO.
In the same manner, water, w^hich is usually written by English

chemists HO, where = 8, becomes, on the radical theory, H,HO,
where O = i6, each atom of H in both examples being = i.

When a protoxide combines with water to form a hydrate, such as

hydrate of barytes, and which is usually marked thus, BaO 4- HO, we

must, on the radical theory, consider the two atoms of oxygen + 0,
to be only one atom = O, and must therefore write the formula thus,

Ba,HO, where the compound is represented as a salt in which Ba is

the basic radical and H, the acid radical. When an atom of a hydrated
metallic oxide comes into action with an atom of a hydrated acid,

neutralisation is effected, under separation of an atom of water,

thus :
—

BaHO + HSO^ = BaSO* + HHO.

Sometimes when a hydrated protoxide is ignited it gives off water

and leaves the anhydrous protoxide. Thus slaked lime becomes quick-
lime :

—
Ca,HO + Ca,HO = Ca,CaO -f H,HO.

The reaction takes place upon two atoms of the hydrated oxide, because

each atom of the hydrate contains only one atom of hydrogen, while two

atoms of hydrogen are required to form one atom of water ;
and it may

be taken as a universal rule that, in all reactions where water is produced,
as much decomposition necessarily takes place as will liberate two atoms

of hydrogen.
These remarks refer to protoxides and peroxides. There is an inter-
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mediate kind of oxide which is called a sesquioxide. The red oxide

of iron gives an example of this kind of oxide. In this case, to twice

the quantity by weight of the metal of the protoxide there is three times

the quantity of oxygen. Thus the two oxides, as usually written, are :
—

Fe = protoxide of iron.

Fe*0^ = sesquioxide of iron.

Reckoning each atom of oxygen at i6, I must double these formulae,

and then I have for the two compounds Fe*0 and Fe'*0^ But this is

a case in which the proposed double equivalents of the metal come
into play. On that view, the protoxide of iron contains two ferrous

atoms to one atom of oxygen, and the sesquioxide contains two ferric

atoms to one atom of oxygen (or six ferric atoms to three atoms of

oxygen), and the two salts are perfectly parallel and equivalent, and
are composed of the same number of ultimate atoms, thus :

—
Fe,FeO = protoxide of iron.

Fec,FecO = peroxide of iron.

When I come to treat of the salts of iron, and of the salts formed by
chlorine and cyanogen, it will be shown that the atom Fee is under all

possible circumstances the equivalent of the atom Fe, and that both are

equally the equivalent of an atom of H. The theory of the sesqui-
oxides and of the salts of the sesquioxides are remarkable examples of the

prevalence of undoubted fallacies.

Explanation of the terms Oxidation and Reduction.—When oxygen
is combined with an element, the element is said to be oxidised, and the

process of combination is termed oxidation; when oxygen is taken away
from an oxide, and the element is left in its simple state, it is said to be

reduced, and the operation is called reduction. Thus, if copper is con-

verted into black oxide of copper, the process is one of oxidation. If

black oxide of copper is brought into the condition of metallic copper,
it is a process of reduction. In these senses the terms seem sufficiently

explicit. But they are, nevertheless, often greatly misapplied by che-

mists in reference to the so-called sesquioxides ; and I will give one or
two examples to warn the student how necessary it is, in the study of
theoretical chemistry, to watch with logical rigour the relations of facts

to words, if he would avoid being misled by explanations which mystify
what they affect to clear up.

I quote from a popular introductory work,
*' Die Schule der Chemie

"

of Dr. Stockhardt :
—

"
Experiment. Dissolve in a test-tube a little green vitriol (sulphate

of protoxide of iron) in water, mix the solution with a few drops of

sulphuric acid, and then add some solution of chlorine in water. [He
gives a figure to show the application of heat to the test-tube.] The
mixture immediately acquires a yellow colour. In this process water
is decomposed ;

the hydrogen goes to the chlorine, but the oxygen is

m2
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not set free, because it is in presence of a body which indeed already

possesses oxygen, but which is capable of taking up more, namely, the

protoxide of iron. This becomes more highly oxidised, and the yellow
solution then contains the sulphate of the peroxide of iron :

—
CI

HO
J2FeO

We have, consequently, in chlorine water a powerful means of oxidatimi

by which we can easily convert salts of protoxides into salts of peroxides."

Now, on the radical theory, the explanation of this process is entirely

difierent, as is represented in the following equation :
—

2 atoms of ferrous ( FeSO^

sulphate \ FeSO'

HCl
Fe«0*

3SO*

Sulphuric acid . . HSO^
Chlorine .... CI

FecSOM , rr .

FecSO^ I 3 atoms of feme

HCl Hydrochloric acid.

When free chlorine is added to a solution of sulphate of protoxide
of iron, namely. Ferrous sulphate = FeSO*, you fulfil the conditions

which I have described at page 129, namely, you put a limited quantity
of basylous radicals into the presence of an excess of acid radicals. The

consequence is that the basylous radicals become basylic radicals. In

this case Fe + Fe become Fee -f- Fee + Fee. These three ferric radi-

cals require three acid radicals to saturate them. Accordingly, some

hydrated sulphuric acid = HSO* is directed to be added (not anhydrous
acid, as shown in Dr. Stockhardt's formula), the sulphur radical of

which goes to the third radical and gives up its hydrogen to the chlo-

rine, which remains in the state of muriatic acid. There is no decom-

position of water and no oxidation either demanded or effected. The

relation of the oxygen to tiie several radicals employed in the experi-
ments remains perfectly unchanged during the whole operation. The

chlorine removes one basic radical = H, and leaves the sulphur at

liberty to act on the ferrous radicals. It is absurd to call this a process
of oxidisation, since nothing is oxidised. There is, moreover, no evi-

dence afforded by this experiment of the presence in the original salt

of the protoxide of iron, or in the new salt of the sesquioxide of iroUy or

of the assumed fact, that in the new salt all the iron, all the sulphur,
and all the oxygen is combined into one atom of one salt—the mono-

basic triacid sulphate of sesquioxide of iron. The radical theory that

this conglomeration of atoms forms three salts instead of one salt is

simple and more probable.
Just as the process called oxidation, when applied to such cases as

the above, signifies the conversion of basylous radicals into basylic radi-

cals, so the converse process of reduction, instead of intimating the sepa-
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ration of oxygen, often signifies nothing more than the change of basylic

radicals into basylous radicals.
*'

Fuchs," says Professor Rose,
" has given us an excellent method

for the quantitative estimation of iron, founded upon the fact that copper
is not dissolved by hydrochloric acid if air is excluded

; whilst sesqui-

oxide of iron, if dissolved in this acid, is reduced by copper to protoxide
of iron" This is the commonly received notion of reduction.

Now the process in question is, on the Radical Theory, to be explained
as follows :

—
FecCn (Fe CI

FecCll-f Cue =
<^Fe

CI

FecClJ tCucCI

Under the influence of one free cupric radical = Cue, three ferric radi-

cals Fec^ become converted into two ferrous radicals Fe*, and one atom

of the chlorine is thus relinquished to the cupric radical. The presence
of hydrochloric acid in excess does not prevent this reaction, because

its hydrogen already saturates its chlorine. Here is, evidently, no case

of reduction—no taking away of oxygen from anything. The original
salt contains no sesquioxides, and the resulting salts contain no prot-

oxides, and it is opposed to the true spirit of science to retain modes
of explanation which obscure facts that are otherwise distinctly visible.

Theory of the Oxidising action of Permanganic Acid.—One of the

most powerful among the so-called oxidising agents is the permanganic
acid ; and as this compound is of great use in centigrade testing, and as

its mode of operation illustrates in a remarkable manner the nature of

the process of oxidation., I will explain its action.

The manganate of potash is represented by the formula KMnO*
;

the permanganate of potash by the formula KMnc^O'* : the last-named

salt is that which is used as an oxidising agent, and that to which these

remarks apply. The formula usually given to it is KO,Mn*0^; but, on
the radical theory, the oxygen is reduced to O*, and as the action of the

compound depends, as I shall presently show, upon the presence of Mnc^,
and the reduction of Mnc^ to Mn*, I make a change in its formula.

The permanganate of potash is decomposed by many organic bodies,
and by most of those metals which produce two chemical equivalents.
I will instance oxalic acid and /errors salts :

—
Example A.

KMnc^OM ^KSO^MnSO^MnSO^
3HSO4 = ^4HH0
5HC0^J (5C0^

Example B.

KMnc^O^ (KSO^MnSO^MnSO^
loFeSO^- =

<^i5FecS0*
8 HSO'J i 4HHO
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Example C.

KMnc^O') (KCl,MnCl,Mna
loFeCl I = ^i5FecCl
8 HCl

J t 4HHO
EoccluvdIb D

loFeCl I = loFecCl

SHSO^J 5FecS0«
( 4HHO

In all the examples a large supply of hydrated acid is present for two

purposes : first, to prevent the deposition of insoluble hydrates of man-

ganese ; secondly, to provide the hydrogen that is required to take uj)

the liberated oxygen. In every example all the oxygen of the perman-

ganate goes to form 4 atoms of water ;
none of it becomes attached to

the bodies which are commonly said to be oxidised by its decompo-
sition ; which in these instances are the carbon and the iron.

In every example the three manganic radicals Mnc^ become changed
into two manganous radicals, Mn*, and these, with the potass radical K,
take up three of the acid radicals that are set free by the withdrawal of

the hydrogen.
It is quite evident that the acting quantities in every experiment are

regulated by the necessity of supplying each of the four atoms of libe-

rated oxygen with two atoms of hydrogen to convert it into water. AH
other effects depend upon this fundamental action.

In Example A the oxygen takes 3H from the sulphuric acid, and

then 5H from the oxalic acid, separating 5 atoms of carbonic acid in

the state of gas. There is clearly no ground for stating that this car-

bonic acid is indebted for any part of its oxygen to the permanganate,
since the relation by weight of the carbon to the oxygen is the same in

oxalic acid and in carbonic acid.

In Example B, i o atoms of ferrous sulphate are changed into 1 5 atoms

of ferric sulphate ; but though it is true that in the ferrous salts there

are collectively 20 atoms of oxygen, and in the ferric salts 30 atoms, it

is clear that none of this oxygen is derived from the permanganate,
which possesses in all only 4 atoms, and gives up the whole of that to

form water. The common explanation which is given of this reaction,

namely, that the protoxide of iron is converted into the peroxide at the

cost of oxygen supplied by the permanganic acid is therefore unques-

tionably erroneous. The circumstance that in this example the action

falls upon 10 atoms of FeSO* depends upon two particulars; first, that

H^ being abstracted by 0\ leaves at liberty 8 atoms of SO* ; of this

quantity of oxidised radicals 3 SO* are taken up by the 3
basic radicals

supplied by the decomposed permanganate and 5SO* are left to be

supplied with 5 other basic radicals; secondly, as Fe* yield Fec^ or
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Fee' free^ so lo atoms of Fe must be acted upon to liberate Fec"^,

the quantity of radicals required to neutralise the
5
atoms of SO*.

In Example C the action is exercised upon acids and salts that con-

tain no oxygen. How are we, in this case, to explain the process by
which protoxide of iron is converted into peroxide of iron ?

In Example D we have a specimen of the combined action of an

oxidised acid and an acid that is non-oxidised. This difference has no
effect on the general action. There is the same product of water, and
the same number of individual salts produced as in examples B and C.

All the examples concur to prove that the prime occurrences in these

reactions are the conversion of manganic radicals into manganous radi-

cals, and of ferrous radicals into ferric radicals ; that these conversions

are effected by the action of acid radicals which are set free by the

abstraction of W by the 0* which is abandoned by the decomposed
permanganate of potash. The alleged oxidation of carbon and iron in

these processes is an entire misapprehension of what actually occurs.

It is of the greatest importance for the young chemist to acquire a

clear idea of what takes place in these cases of so-called oxidation and
reduction. The slovenly method of stating facts, and the careless

quotation of illogical arguments, in which many writers indulge, render

it indispensable for every student to acquire habits of independent judg-
ment on all points of theory, and to that end the nature of such pro-
cesses as these must be thoroughly comprehended.

I refer the reader who wishes to examine the experimental evidence

more extensively to my Treatise on the Radical Theory. ^

PREPARATION OF OXYGEN GAS.

I shall describe the preparation of this Gas, and the conduct of

experiments with it at considerable length, in order to be enabled to

give a description of the pneumatic apparatus employed for experiments
with gases in general. The preparation of other gases will be described

more
briefly.

A. Materials from which Oxygen Gas is Procured.

a). From Chlorate of Potash.— Equal parts by weight of Chlorate

of Potash and Black Oxide of Copper, well dried and finely pounded,
are intimately mingled. This mixture is well adapted for the ex-

temporaneous preparation of oxygen gas. When exposed to a gentle
heat, over a small spirit lamp, it becomes red hot, and disengages a

rapid current of pure oxygen gas. The best vessel to use for the

experiment is a stout tube of hard German Glass, about an inch wide
and six inches long, connected by a long and sound cork with a gas-

leading tube, 20 inches long and of not less than half-an-inch bore : a
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narrower gas-leading tube, such as is used for hydrogen and other gases

that are prepared in the wet way, will not carry off oxygen gas with

sufficient rapidity.
The tube-retort may be half

filled with the mixture, and

must be placed nearly in a

horizontal position, over a

small spirit-lamp. The in-

candescence appears very soon

after the flame is applied to

the tube. It rapidly extends

through the whole mixture,

and the operation is then
atjl;

once ended ; the discharge of*

gas ceases suddenly. When
the cessation is observed, that

is to say, when the gas ceases

to bubble up through the water of the gas-receiver, the distilling ap-

paratus must be withdrawn from the trough, otherwise the cold water

will soon rise up into the tube and crack it. What remains in the tube

is a dry coarse black powder, resembling gunpowder, which does not

adhere to the glass, but can be readily shaken out, provided the mix-

ture used for preparing the gas was perfectly dry. It consists of black

oxide of copper and chloride of potassium. The latter can be removed

by washing, and the former recovered for a repetition of the process,
for which it serves any number of times

;
so that the use of the oxide of

copper does not increase the cost of the oxygen gas.

The composition of chlorate of potash is as follows :
—

K 39- or -318
CI 35-5 „ -290
O' 48- „ -392

I 'OOO122*5

So that I grain of chlorate of potash gives '392 grain of oxygen,

leaving '608 grain of chloride of potassium, KCl. Estimating the

weight of I cubic inch of oxygen gas at *

34 grain, this product is equal
to 1*153 cubic inches. I find, practically, that 2 grains of the black

mixture above described, containing i grain of chlorate of potavsh, give

just this quantity of oxygen gas. Hence it appears, that in this process,
the chlorate of potash is completely decomposed, and its oxygen entirely

discharged in the state of gas; while, notwithstanding the incandescence

that occurs, the black oxide of copper remains unchanged in com[)osition
and properties, and merely mixed with the chloride of potassium pro-
duced from the decomposed chlorate of potash. Thus, ECiC^ = KCl -h 0^
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Advantages of this Process.-—It is easy to obtain materials of such a

quality as always to ensure the prompt production of pure gas.

Excepting a trace of chlorine and a little sublimed salt, both of which

are absorbed by the water of the pneumatic trough, the oxygen gas

produced by this process is free from all impurities, especially from

carbonic acid ; one economical advantage of which is, that it can be

used for many class experiments, largely diluted with common air. No

distilling apparatus is required except a small glass tube, which is not

injured by the operation. There is no expense incurred for fuel, no dirt

produced, and no danger to be apprehended.
The process is not only of easy and rapid execution, but is one that

can be always depended upon, so as to save loss of time and materials.

When any quantity of oxygen gas is required, it is only necessary to

gauge the vessels that are to be filled, and to weigh off 1*75 grain of

the black mixture for every cubic inch of gas required. 175 grains of

the mixture produce 100 cubic inches of gas in five minutes. With a

charge of 486 grains of the mixture in a six-inch tube, a receiver of the

capacity of a gallon can be filled with oxygen gas in less than a quarter
of an hour, without previous preparation and without fail. There need

consequently be no waste either of time or materials in preparing

oxygen gas by this process. By many experiments with different

quantities of the mixture, I have ascertained that the process is always
to be depended upon for producing a determinate bulk of gas from a

given weight of materials. The cause of this certainty in the result is

the remarkable incandescence which takes place when the mixture is

heated. This ensures the prompt and total decomposition of every

particle of the chlorate of potash subnaitted to experiment.
It is convenient to mark upon the bottle in which the black "mixture

is kept, the weight of it necessary to be taken for the purpose of filling

with oxygen gas the principal gas-holders and receivers which may
happen to be in common use. The quantity of mixture in grains

required for each vessel is found by multiplying the capacity of the

vessel, expressed in cubic inches, by 1*75. Thus, if 100 cubic inches

of gas are required, the quantity of black mixture to be taken is

100 X I '75 (or 100 + 50 +25) = 175 grains. For a cubic

foot of gas, the quantity of mixture required is 1728 X 1*75
(or 1728 + 864 4. 432) = 3024 grains. In other terms, if a? is the

capacity of a gas-holder, expressed in cubic inches, then the arithmetical

equivalents of x -\- ix -f- Ix show the number of grains of the black

mixture necessary to be taken to fill the gas-holder with oxygen.

Oxygen gas can be prepared from chlorate of potash by heating it

alone in a glass vessel. But the process is very troublesome, and

generally attended by the destruction of the retort. This arises from
the violent boiling of the fused salt at a certain period of the operation.
Several different powders can be used to abate the effervescence,
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namely, chloride of potassium, peroxide of manganese, brick dust, and

pumice-stone ; but these are all inferior in convenience to the black

oxide of copper. They demand more heat and disengage more
chlorine. When pumice-stone is used the chloride of potassium is

often strongly alcaline. Next to oxide of copper, the best thing to use

is good peroxide of manganese, which must be quite free from carbonates.

It is a very cheap substance, and may be thrown away after being once

used. This saves the trouble which is caused by washing and drying
the black oxide of copper after each experiment.

To find if Peroxide of Manganese is free from Carbonates.—Mix the

powder with water in a test-glass and let it settle. Then add to the

water a little nitric or muriatic acid. If effervescence occurs and a

colourless gas is given off, the oxide contains carbonates. Such

manganese is not worth the cost and trouble of purification, because

good manganese is very cheap and easily procurable.
When oxygen gas is wanted only at distant intervals, it does not

answer to keep the mixture ready-made, because it readily imbibes

moisture, especially if oxide of copper is used. It is better to keep the

powders apart, and to dry both thoroughly before mixing them for each

distillation. If moisture is present, it is liable to cause the fracture of

the retort. I have heard of explosions having taken place during the

preparation of oxygen gas in this manner. But these explosions must

have arisen either from the delivery-tube being too small, or from the

neglect of the operator to dry the powders before mixing them. Of
course the most careless operator will take care that no charcoal or other

organic substance is present in his mixture, unless he desires expressly
to prepare an explosion.

104.

When a large quantity of gas is required, a hard glass retort or long-

necked flask may be used. The end of the gas-leading tube, of half an

inch or more in bore, should be pushed into the body of the retort or

flask, and the retort and tube may be connected together by a cork, or

a short tube of vulcanised india-rubber*
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Figure 104 represents an apparatus of this description: consisting of

a retort, and a long gas-delivery tube. The tube is pushed far into

the retort, or flask, in order to keep the hot gas as much as possible

from contact with the cork connector. The wooden support shown in

this figure is very convenient in the arrangement of small distilling

apparatus. The heat is supplied by means of a Bunsen's gas-burner.
A gas-holder, of the capacity of six gallons, or about 1700 cubic

inches, may be filled with oxygen gas in ten minutes, using a retort of

this sort, and a charge containing 4 ounces each of chlorate of potash
and peroxide of manganese.
When five or six cubic feet of gas are required, namely, to fill the

gas-bag of a magic-lantern, to serve for a two-hours' lecture, a copper
still may be used over an ordinary fire, and the gas should be passed

through water, in a wash-bottle, to cool it before it is passed into the

cloth gas-bag.

Other Processes for Preparing Oxygen Gas.

b). From Peroocide of Manganese and Sulphuric Acid.—Pour oil of

vitriol into a tubulated retort, through a funnel, till the retort is one-

third filled. Take an equal weight of black oxide of manganese, and

pour it into the retort through a warm, dry funnel, taking care to shake

the retort from time to time, so as to incorporate the two ingredients

thoroughly. Apply heat by means of a large lamp or charcoal fire, and
let it be well sustained, so that the water of the pneumatic trough may
not run back into the retort and break it. The dry sulphate of manga-
nese is afterwards removed from the retort, by being soaked and
softened with water. It is

however difficult to prevent
the bursting of the retort by
the expansion of the sul-

phate of manganese, so that,

since the reduction in price
of the chlorate of potash,
and the discovery of its

ready decomposition in the

presence of the oxides of 105 •

copper and manganese, this process is seldom used.

Theory :
—Two atoms of peroxide of manganese, and two atoms of

hydrated sulphuric acid, produce two atoms of sulphate of manganese,
one atom of water, and one atom of free oxygen.

MnO -f HSO^_MnSO« , ^^^ , ^
MnO -f HSO^~MnSO^ + ^ + ^'

In this case, and in all the equations which follow, the atomic weights
are those which are quoted in the Table given at page 123, column

3,
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and the constitution of the different compounds is represented in

accordance with the radical theory.
The reaction takes place between two atoms of each ingredient

employed, for the reason explained at page 1 54, namely, because two
atoms of hydrogen are necessary to produce one atom of water, and in

all reactions, where water is produced, as much decomposition neces-

sarily takes place as will liberate two atoms of hydrogen. We might,

aprhrif expect this decomposition to be :
—

MnO 4- HSO« = MnSO^ + HO.

But HO, the simple oxide of hydrogen, is not permanent
—cannot exist

for an instant—in the presence of oxide of manganese, but is resolved

into water and oxygen gas. HO + HO = HHO -j- O.

c). From Peroxide of Manganese.
—When a large quantity of oxvgen

gas is required, it is usual to ignite

dry peroxide of manganese in an

iron retort, or a quicksilver bottle, or

a gun-barrel, placed in a furnace or

open fire.

Letter a, in figure 106, is a cast-

iron bottle, c an iron pipe screwed or

ground to fit it, h a tube of lead pro-

ceeding to the gas-holder, d a section

of a common fire-place.

The peroxide of manganese should

be previously washed with diluted

nitric acid, to free it from carbonate

of lime, &c.

Theory :
—Peroxide of manganese, MnO, when ignited, does not

become reduced to the protoxide MnMnO by loss of half its oxygen ;

but is reduced to some intermediate state, according to the temperature

employed.
Thus it may be :

4MnO = 3MncMncO 4- O.

In that case, it gives off one-fourth of its oxygen. When it is more

strongly heated, the decomposition becomes :

3MnO=MnMnc^0^4- O.

In which case it gives off one-third of its oxygen. The compound
marked MnMnc^O* is a double salt of the form MnMnc04-MncMncO,
a form intermediate between the so-called sesquioxides and the prot-

oxides, a form of double salt which is common to iron and to other

metals which produce sesquioxides as well as to manganese.
The mineral called Manganite is a hydrate corresponding to the

106.
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oxide MnMnc'O*. Its formula is HMnc^O^ When this mineral is

ignited its decomposition takes place thus ;

f 4 Mn,Mnc'0'
6 HMnc^O' = I 3 H,HO

liO
Here we perceive that only one-twelfth part of the oxygen is set free.

The Manganite is equally disadvantageous for the preparation of

chlorine gas. To set free i atom of chlorine =
CI, you must use i

atom of MnO, weighing 43*5, and 2 atoms of HCl, weighing 73;
whereas i atom of HMnc^O^ weighs 88, and requires 3 atoms of

HCl, weighing 109*5, ^^^ ^^^^ same end. Hence there is an additional

loss of half the manganese and one-third of the acid. The equa-
tions are :

MnO 4. 2 HCl = MnCl + HHO + CI

HMnc^O^ + 3
HCl = (MnCl)^ + (HHO)^ + CL

The constitution of manganite is similar to that of permanganic acid,

except that it possesses only half as much oxygen to the same quantity
of radicals.

d). From Red Oxide of Mercury.
—Put a small quantity of red oxide

of mercury into a very small hard glass tube, and apply heat by means
of a large spirit-lamp, or a chauffer. The oxide is decomposed,
metallic mercury volatilises and condenses in the receiver, if one is

placed to receive it, and oxygen gas, in a state of great purity, is

disengaged from the extremity of the apparatus.

Theory ;—HgcHgcO = Hg + 0.

Figure 107 represents an apparatus that may be used for this ex-

periment, a and h represent the tube-retort ; c, the gas-delivering tube :
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F, a pneumatic trough formed of plate-glass, bound with brass edges ;

d, is a sliding shelf; and C, the receiver for the gas. This kind of

pneumatic trough is well adapted for lectures, because it permits the

transfer of the gas to be distinctly seen, but it is expensive.

e). From Oxide of Silver.—Oxide of Silver heated in a glass tube

gives off pure oxygen gas, and leaves metallic silver. Theory ;
—

AgAgO =
Ag^-|-0.

The apparatus represented on page 7 6, the tube being of thin hard

Bohemian glass may be employed for reducing small quantities of the

oxides of mercury and silver. A slip of wood inflamed at one end and

blown out, but inserted into the tube while still retaining a red-hot

point, will be immediately re-inflamed by the oxygen gas.

/). From Nitrate of Potash.—Saltpetre distilled in earthern retorts

at a red heat gives off impure oxygen gas.

Theory :~K^0^ = KlsO^-\-0^. That is to say, one-third of the

oxygen is driven off, and the Nitrate is reduced to the Nitrite of potash

(using the existing nomenclature). At a greater heat it is resolved into

potash, nitrogen, and oxygen: 2KN0'*= KKO + ]S'^^-0^ The oxygen

prepared by this process always contains nitrogen, and the distilling

vessel is commonly destroyed, because the potash combines with the

silica of the vessel.

g). From Water hy Electrolysis.
—This process will be described in

the section on Hydrogen.

B. Methods of Collecting Gases.

When glass jars, or any other vessels, open only at one end, are

plunged under water, and inverted after they are filled, they will remain

full, notwithstanding their being raised out of the water, provided their

mouths be kept immersed
; for, in this case, the water is sustained in

the jars by the pressure of the atmosphere, in the same manner that

mercury is in a barometer. It may without difficulty be imagined, that

if common air, or any other fluid resembling common air in lightness
and elasticity, be suffered to enter these vessels, it will rise to the upj^er

part, and the water will subside. If a bottle, or cup, or any other

vessel, in that state which is usually called empty, though in reality full—of air, be plunged into the water with its mouth downwards,

scarcely any water will enter, because its entrance is opposed by the

elasticity of the included air ; but if, while the vessel is immersed, its

mouth be turned upwards, the air will rise in bubbles to the surface of

the water, leaving the water to occupy its place in the vessel. Suppose
this operation to be performed under one of the jars which are filled

with water, the air will ascend as before
; but, instead of escaping, it

will be detained in the upper part of the jar. In this manner, therefore,
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io8.

we see, that air may be emptied out of one vessel into another hy
an inverted pouring. Just in this manner are gases collected in vessels

placed in what is termed a pneumatic trough : the jars which are to

receive certain elastic fluids, are filled with water, and placed, mouth

downward, upon a shelf, and the necks of retorts, and ends of tubes,

from which gases are evolved, are directed below holes made in the

shelf under the jars ;
then the gases, as they issue forth, rise in bubbles

through the water, enter the jars, driving thence the w^ater, and occupy-

ing its place. When, therefore, the jars are thus emptied of water, they

are filled with gas.

The pneumatic trough is simply a wooden tub, or vessel of tin-plate,

filled to within two inches of its top with water. It

should be provided with a shelf, placed an inch below

the surface of the water, or with a wooden block, cut

into the form shown by the figure, and plugged with

lead to make it sink in water. When you wish to

fill a jar with gas, you place it full of water, in an in-

verted position, over the hole cut in the block, and

you direct the point of the tube whence the gas is to

issue into this same hole. The water in the tub must

rise about an inch above the top of the block. The size or form of the

trough is quite immaterial. A wash-hand

basin answers the purpose very well for jars

of a small size. The annexed figure ex-

hibits the mode of putting together a

pneumatic apparatus, such as has been here

described.

I shall describe a different sort of shelf

and pneumatic trough presently.
Receivers for Gases.—Any kind of glass vessel can be employed

as a receiver for gases : in the last figure, a plain cylinder is represented ;

but certain experiments require vessels of a particular size and form.

This will be adverted to when necessary. Lecturers on chemistry

generally employ a metallic gas-holder to contain large quantities of

oxygen or hydrogen gas. If at any time a large quantity of oxygen gas
is prepared, when no gas-holder is at hand, it may be put into glass

bottles, and corked up. Each bottle should be placed aside, bottom

upwards, with the mouth plunged into a little pot of water. The gas
will not escape.

Various useful foniis of receivers for gases are represented by figures
1 10 to 1 1 6.— (^See p. i68.)

Before filling a stoppered deflagrating jar with gas, the jar should be

cleaned, and its condition be carefully examined, particularly as to the

accurate fitting of the ground stopper. To this end, after the jar is

leaned, the stopper and the ground mouth of the jar should be rubbed

109.
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with tallow or pomatum (using the tallow-holder described at p. loo) ;
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vou must take care that the upward pressure of the gas, condensed

by that movement, does not Hft up the glass stopper or cover of the

jar.
To prevent that accident, a finger should be placed on the cover,

or stopper, while the hand holds the jar by the neck.

When you want to transfer gas from a wide-mouthed into a narrow-

mouthed vessel, you must hold a funnel in the mouth of the latter. All

transfers of gas must be eftected under water, and, as it has been

expressed above, by an inverted pouring. As water emptied in air

descends, so air emptied in water ascends. This is the principle upon
which depends the decantation of gases.

Filling of Bladders with Gases.—As it is frequently necessary to fill

bladders, or Indian- rubber bags, with

gases, I shall describe the method of

doing it. The following figure repre-
sents an apparatus employed for this

purpose, a is a glass receiver, sup-

posed to contain gas ;
it is open at the

bottom, and provided with a brass cap
and stop-cock at the top. A vessel

six inches in diameter and twelve

inches high, is sufficiently large for

such experiments, c? is a bladder, in

the mouth of which a stop-cock is

fastened by means of a ferrule. / is

the side of a pneumatic trough, h is

the shelf, g the level of the water, e

and h are the stop-cocks by which the

bladder and receiver are connected.

Moisten the bladder with water to render it flexible, squeeze it close

to expel the common air from it, then shut the stop-cock e, and screw it

to the stop-cock 5, on the top of the receiver, w^hich is supposed to be

placed on the shelf in the trough. Kext, open both the stop-cocks,
hold the apparatus in the manner shown by the figure, gently slide the

receiver off the shelf, and press it down into the water
;
the gas will

soon enter and fill the bladder, being forced through the opening by the

upward pressure of the water. The stop-cocks are then to be closed,

the recerver replaced on the shelf, and the two vessels disunited. Pre-

viously to undertaking experiments on gases, the young student should

accustom himself to the dexterous, management of gases, by perform-

ing the processes of decantation, filling of bladders, &c., with common
air.

Several contrivances for use instead of bladders may now be pro-
cured, a). A solid bag of vulcanised caoutchouc, which expands when
gas is forced into it. b). A bag of thick goldbeater's skin, formed like

N

120.
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the hydrogen balloon. This is elegant and handy, but expensive and

fragile, c). A bag made of water-proof cloth, made in a pillow shape.
This is durable, and can be conveniently pressed between two boards,
or by the hand. See figure 158. Gas can be conveyed from any of

these bags by means of vulcanised indian-rubber tubes.

When bladders are used, they are more convenient to handle after

they have been well rubbed with a mixture of one part of glycerine with

two parts of water.

Stoneware Gas-Holder.

In all cases where a setHes of e:jfperiments with the same gas are to be

performed, as when a teacher has to demonstrate the properties of

oxygen gas or hydrogen gas, it is convenient to begin by preparing a

quantity of gas sufficient for the performance of the whole series, and
then to proceed uninterruptedly with the experiments. I shall here

describe a cheap and handy apparatus for storing gas for this purpose.
Letter a in figure 1 2 1 is a stoneware bottle of about a gallon and a

121.

Iialfcapacity, or about ten inches in diameter and thirteen inches in height.

It is furnished with three necks, h, c, d. The neck d is fitted with a

cork. The neck b is provided with a stop-cock, /, which is cemented

into it. The neck c is cemented round the upper end of a metal tube,
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which descends very nearly to the bottom of the bottle. There is a

coupling-screw soldered to the top of this tube, to which the large

japanned iron funnel e can be connected when necessary, ^ is a flexible

metallic pipe two feet in length, connected to/ by a screw.

To fill
this GaS'Holder vyith Water.—CIosq the neck d with its cork.

Open the stop-cocky, and pour water into the funnel e, till it runs out at

y (the tube g being supposed away).
To fill the Gas-Holder with Gas,-^C\ose the stop-cock f. Take out

the cork at d, and pass into the neck c?, the delivering-tube which comes
from the bottle in which the gas is being prepared. The gas will then

rise in the vessel a, and an equivalent bulk of water will flow out at d.

Of course, the gas-holder must be placed during this process over a tub

sufficiently large to receive the water that runs out. The quantity of

the water thus collected, shows the quantity of gas that has entered the

gas-holder. When water ceases to run out of the mouth d, notwith-

standing the continuance of the delivery of the gas into it, the gas-holder
is filled with gas.
Stoneware Pneumatic; Trough.—Before noticing the method of

expelling the gas from this gas-holder, it is proper to describe a new
form of pneumatic trough which is to be used with it.

h, in figure 1 2 1 ,
is this trough. It is a pan of stoneware eleven

inches in diameter, and five inches

deep. The shelf for supporting the

jars in this trough, and for gathering
the gas beneath the jars, is the most

peculiar part of it. This is represented

by letter i in the above figure, and
under different points of view by
figure 122. This shelf is an inverted

stone pan, cylindrical on the outside,
but shaped like a bee-hive within. It

is four inches broad, and three inches and a half high, or any other

convenient size. On the side it has a round opening of two inches

diameter to admit the entrance of retort necks and gas-delivering tubes,
and in the top it has an opening of half an inch in diameter, to permit
the passage of gas from the bee-hive below, into the jars placed upon
it. When this shelf is put into the trough, but close to one side of

it, there is room left for working with pretty large cylinders. The gas
is collected very effectually from any sort of delivering-pipe, and
with great readiness, and without any loss, it is conveyed even into

narrow-mouthed flasks, placed in the position indicated by figure k in

figure 121.

To pass Gas from the Gas-Holder into a Jar.—The flexible metal-

pipe is first placed in the position shown by figure 121, and is adjusted
k2
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to the bee-hive and trough, which is filled with water to within half an

inch of the top. The jar is filled with water, inverted, and placed upon
the bee-hive in the trough. The funnel e is filled with water. You
have then only to open the stop-cock /, when the gas immediately

passes into the jar k. When the jar is as full as you wish it to be, you
close the stop-cock f.

In experimenting with this apparatus it is advisable always to use

cylinders of a smaller capacity than the funnel e, in order that one filling

of the funnel may be sufficient for each experiment.
To fill

a Bladder or a Balloon with Gasfrom the Gas-Holder.—Attach

the compressed bladder to the end of the pipe ^, pour water into the

funnel e, and open the stop-cock /.
In the same manner can the gas be forced out upon any given object.

Thus, oxygen gas can be forced out upon burning charcoal to cause the

fusion and combustion of metals, &c.

Figure 121 was drawn and the above description was written before

the invention of vulcanised indian-rubber tubes, the use of which has

much facilitated operations with gases. Flexible caoutchouc tubes are

now used instead of the metal tube described above. The bee-hive

shelf, of which this was the first published description, has now been

adopted in almost every chemical laboratory, and is made of a great

variety of sizes to suit jars of different diameters.

Glass Gas-Holdees.

I have made many attempts to prepare glass gas-holders on the plan
of the stoneware gas-holder, but these have generally been unsuccessful

in consequence of the impossibility of getting the glass-maker to put on

properly the neck d of figure 121. Nine times out of ten they either

put on this neck at a wrong angle, or else anneal it so badly that the

vessel cracks and is destroyed after very little using. The stoneware

gas-holder has the disadvantage of being opaque, so that you cannot see

the height of the gas in it. Attempts to rectify this defect, by applying
a gauge-pipe, make this kind of apparatus more expensive than one

formed of metal. As the result of a good many trials of different gas-

holders, I now recommend the school gas-holder, figure 127, as an

economical and useful kind for class experiments with moderate quanti-

ties of gas.

Pepys's Gas-Holder.

The most convenient size of this apparatus is when the receiver a,

figure 1 24, is sixteen inches in height and twelve inches in diameter.

The apparatus is unwieldy if larger. Its use is pretty much the same

, as that of the stoneware gas-holder already fully described, save that
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thrown upon ignited charcoal, for the purpose of fusing or burning

bodies, &c.

This apparatus is constructed, like an ordi-

nary gasometer, of a bell-jar counterpoised
over a water-tank. There is commonly a

hollow block in the middle of the tank, to

lessen the weight of water.

To
Jill the receiver icith water.—Remove

the blowpipe, open the stop-cock, and depress
the bell-jar into the water. The air escapes

by the stop-cock. The jar may be forced

down by the hands, or by lessening the

weights in the two pans, or by putting

weights on the top of the jar, which must
be made flat to receive them.

To fill the receiver with gas.
—Attach the

gas-delivery tube, which comes from the gas-

generator to the stop-cock, either by screws

or by a connector of caoutchouc, and add to

the pans sufficient weights to counterbalance

the receiver, so that it may readily rise with

the pressure of the incoming gas.
This form of gas-holder is more expensive

than the other forms. The advantage it offers

over the others is, that its water always re-

mains in the same place, and does not re-

quire to be alternately put into and expelled
from the gas-holder into another vessel. It

is, consequently, generally employed when

very large quantities of gas are required.

Griffin's School Gas-Holder.

This gas-holder differs from that of Pepys*s

only in the absence of the inconvenient upper
^^^^

cistern. It is usually made of japanned tin-plate or zinc
;

in size,

eighteen inches high and ten inches and a half diameter; its con-

tents about 1,500 cubic inches. The gauge-pipe is of stout gloss,

about half-an-inch in the bore, and is graduated into spaces of
fift}''

cubic inches. It is fixed in its place by rings of caoutchouc, and if

broken can be easily replaced, the upper collar being closed by a brass

screw h.

The gas is introduced, as already explained, by the pipe a, and

is expelled through the caoutchouc-tube /, by the pressure of water
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in the funnel, the pipe of which reaches

to the bottom of the gas-holder. At the

end of the caoutchouc-pipe, Z, is a glass

tube, c?, which can be held by a suitable

support in such a position as to deliver

the gas where it is required. The stop*

cock, e, is replaced by a blank nut, when
the apparatus is used as a gas-holder.

The fiinnel unscrews at /, for the conve-

nience of travelling, or to admit the in-

sertion of another length of pipe when

greater pressure is demanded.

After what has been already said, it is

needless to describe how either gas or

water is to be put into, or expelled from,

this apparatus.
Use of the School Gas-Holder as an

Aspirator.
—Screw in the stop-cock, e,

without the tubes, i, A, remove the tube,

I, close the pipe, a, fill the gas-holder
with water, and connect the stop-cock, </,

with the vessels through which air is to be

drawn. Turn on the stop-cock, e. The
water w411 then escape, and air will be

drawn through the stop-cock, g, to replace
it in the gas-holder. When the water is

exhausted, close the stop-cocks, g and e,

open the screw. A, and fill with water by
the funnel.

Use of the School Gas^Holder in Hydro-
static Experiments.

—Attach a flexible vul-

canised caoutchouc-^tube, i, to the stop-cock,
e. Fill the gas-holder and funnel with

water. By this means the water can be

conveyed in any direction, and various

problems in hydrodynamics can be illus-

trated.

Put the gas-holder on a high shelf, carry
the flexible pipe down to the ground and
attach it to a jet, such as a bent glass
tube with a fine orifice, h. Turn on the

water, upon which a fountain will be pro-
duced more or less high, according to the

length of the pipe, z, and the height of the

water in the funnel, c /.
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Williams's Gas-Holder.

Professor Williams, of Birmingham, has recommended the employ-
ment of a gas-apparatus on the fol-

lowing plan, which can be used witii

mercury, if made of small size.

" The mode of using the apparatus,"
he says, ''is very simple and obvious.

Suppose we wish to prepare oxygen

gas and demonstrate its properties.

The receiver is filled with water, and

the flask, or tube, containing the mix-

ture of chlorate of potash and .per-

oxide of manganese, fitted by a cork

to the gas-tube, and heat applied.
^^^' As the gas is generated, it passes i'roni

the gas-tube into the receiver, displacing the water by forcing it up the

water-tube. The outer end of this tube should dip into the fluid con-

tained in the vessel which receives the water driven out, in order to

prevent regurgitation of air, which w^ould otherwise take place
when the gas in the flask and receiver is cooling, after the generation of

gas has ceased. When the gas is to be used immediately, it will be

found convenient to sljp a piece of plate-glass over the neck of the

receiver with the left hand at the moment the cork holding the tubes is

removed with the right. When the gas is to be kept for any length of

time, of course a stopper will be required.
" The apparatus is especially valuable for chlorine, as hot water can

be readily used with it
;
and it is well adapted for class experiments in

schools, as a receiver full of oxygen can be made and used in five

minutes, and the whole process be seen by the pupils."

Japanned Metal Water Trough.

Figure 129 represents a very light and convenient pneumatic trough
made of japanned tin-plate. It is adapted for experimenting with jars

of sixty cubical inches and under. The trough is ten inches long, six

inches and a half wide, and four inches deep. The clear water-way, a,

measures ten inches by" four inches. The shelf, b, is half-an-inch wide.

The shelf, c, is one inch and a half wide. These shelves are made by

bending a tin-plate into the form shown by the end of the trough, e.

At the corner of the trough, /, there is a small tube which carries oiF

the water that descends from jars when filling v/ith gas, as soon as the

level of the water in the trough arrives within half-an-inch of the edge.
A separate tray, of the size of the cavity, a, is provided to catch this

water, and is placed for that purpose under the side,/, of the trough.
The shelf, d, is movable, and sUdes between the shelves b and c, the
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129.

whole length of the trough. A small box is ftiade below the shelf, d,

to catch the gas from the delivering-pipe, which is brought below it,

and a small hole in the upper part of the box

permits the gas to pass into jars placed above it.

In operating with this trough, you place it cross-

wise on the table before you, with the end, e,

to your right hand. The bottle in which you'
ai'e preparing the gas that is to be collected,

must be placed upon your left hand, with the

delivering-tube dipping into the water-trough

just low enough to go under the box soldered

below the shelf, d. You then fill the glass

jar with water, invert it, and place it upon the

shelf, c/, and adjust the latter over the mouth
of the delivering-tube. When the jar is full,

you remove it upon a small tray, and place it,

if you wish to set the small tray at liberty, in

the long tray which serves to catch the over-

flowing water from the trough. By this means
the long tray is rendered equivalent to extra

shelf-room in the trough. A trough of this

pattern, twenty-one inches long, fifteen inches broad, and eleven inches

deep, is sufficient for a lecturer who has a large audience. It is adapted
for jars fourteen inches long and seven inches wide.

Pneumatic Trough for experiments on small quantities of gases in glass
ttihes. — P'igure 131 represents _
an earthenware pan about two
inches deep and twelve inches

in diameter. In the centre is a

loose bee-hive shelf, figure 130,
also of earthenware, about two
inches in diameter, and one inch

in height. This is a convenient

apparatus for collecting gases in

glass tubes.

Tate's Pneumatic Trough.

Figures 132 and 133 represent a pneumatic trough designed by Mr.
Thomas Tate, and which is constructed in such a manner as to serve

the double purpose of a pneumatic trough and a hydraulic blow-pipe
suitable for glass-blowing. Figure 132 represents it as arranged for a

pneumatic trough. It is sixteen inches long, twelve inches wide, and
fourteen inches deep outside. The well will fill jars of twelve inches

high by six inches wide, a is the fixed shelf of the trough, h a movable

shelf, which must be lifted when a large jar is to be filled,
c is tlie gas-

iio.
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delivery tube coming from the gas-generator. The tubes d and e

belong to the blow-pipe, the arrangement of which is represented by

132. 133.

figure 133. / is a cover which closes the trough and supports the

glass-blower's lamp, g. Air is blown into this blow-pipe, through the

pipe e, by the mouth applied to the mouth-piece, h. The air is forced

out towards the lamp through the pipe d and the glass jet, i. The

water-pressure which expels the gas acts through the pipe, k. Though
the water of the trough has no great height for pressure, yet the quantity
so far compensates for want of head that the pressure is sufficient for

most small operations in glass-blowing. I, in figure 132, is an overflow-

pipe, which carries off the water that descends from the jar in proportion
as the jar fills with gas. The use of this overflow-pipe is to prevent the

water rising so high in the trough as to cause the jar to swim and fail

over. Such an overflow-pipe should be put to all pneumatic troughs of

small size.

General Observation^ RmARDiifG tAe management of Gases.

The tube which is to convey the gas from the vessel in which it is

generated to the gas-holder, or receiver, must be of sufficient diameter

to allow the gas to pass as rapidly as it is produced, otherwise an

explosion may occur in the generating-vessel. A very sound and care-

fully-bored cork should be used to connect the tube with the gas-bottle,
or retort. When the orifice of the latter is above an inch in diameter, it

is advisable to cement a flat piece of wood to the top of the cork, as it is
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rare to find so large a cork air-tight. The point of the tube that enters

the gas-bottle should be cut aslant, to let drops of liquid fall readily-

back. The other point should be turned a little upwards, to facilitate

the delivery of the gas.
When the conducting-tube is fixed into the bottle, apply your mouth

to the open end of the tube, and suck strongly : you will thus ascertain

whether or not the joinings of the apparatus are completely air-tight, and

if not, they must be made so. You will, of course, make this trial when
the bottle is empty, and not while gas is being generated within it. You
will also take care to see previously that the end of the tube is quite

smooth, and has no sharp points or edges capable of cutting the lips or

the tongue. If the joinings are not air-tight, they may sometimes be

rendered so by applying a small quantity of a cement ;
but it is better

to fit new and sound corks on the tubes.

For many purposes corks can be usefully replaced by vulcanised

indian-rubber connectors made
after the following patterns :

—
The wide part of the cap is put

over the neck of the bottle, and
the gas-tube is fixed in the narrow

pipe. These caps do not bear

so much pressure as corks, but they are very handy for many common
purposes.

* * «l
134. I35. 136.

137. ^38* 139.

The above figures represent gas^bottles fitted up with such caout-

chouc caps. Figure 137 is a simple bottle for preparing such gases as

require the aid of liquids. Figure 139 represents such a bottle with an
acid funnel, and a wash-bottle for freeing the gas from impurities. It

also represents the sort of apparatus that is to be employed when a gas
is to be absorbed by a liquid. Figure 138 is another form of Woulifs
bottle fitted up for passing gases through liquids, having in the middle
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a safety-tube. Before the invention of caoutchouc-tubes and of cork-

borers it might have taken a whole day to fit up such a bottle by means
of cork and cement, while it can now be effectively done in less than

five minutes.

The materials put into a bottle to produce a gas must never exceed in

bulk the third or fourth part of the capacity of the bottle, otherwise

they are apt to boil over when the action comes to be powerful, and the

disengagement of gas rapid. When the materials consist of a liquid
and a fine powder, the liquid should be put into the vessel first, and the

powder afterwards, and the two should be carefully mixed by shaking
the vessel. You must take care not to respire an atmosphere con-

taminated by deleterious gases. Sulphuretted hydrogen gas is a par-

ticularly powerful poison, and it is fortunate that its noisome odour gives

timely notice of its presence. Chlorine g-as is exceedingly difficult to

breathe, but it is not so injurious as the preceding. Arseniurett^d

hydrogen gas is very deadly ;
a celebrated German chemist was killed

by smelling it. Carbonic acid gas occasions suffocation if mixed" with

the air in large proportions. Experiments with deleterious gases ought
not to be made in a close apartment, but either under a large chimney
or in the open air. The first portion of gas, of whatever kind it may
be, evolved from the vessel in which it is formed, is always contami-

nated with the common air with which the vessel was filled at the

beginning of the operation. A quantity of the first gas received, equal
in bulk to twice the capacity of the generating vessel, must, therefore,

in order to avoid accidents and failures, be thrown away. The

measuring of this quantity is eiFected by collecting it in glass jars over

water.

The moment requires to be watched when gas ceases to come over

from a glass vessel. The gas-leading tube must then be immediately
taken from the water-trough, otherwise the cold water is liable to go
back into the hot bottle, or retort, and break it.

In certain cases care nmst be taken not to mix gases with atmospheric
air. When a gas-delivery pipe is attached to a gas-holder, the first gas
which it delivers will be contaminated by atmospheric air, unless the

atmospheric air be first displaced by filhng the tube with water.

Experimental Illustrations of the Properties of Oxygen Gas.

Oxygen Gas supports Combustion.—Process i.—Fill a bottle witli

oxygen gas, and provide a small taper fixed at the end of a wire passed

through a cork, as shown in the figure. Light the taper, and plunge it

into the gas, taking care to put the light in the middle of the vessel,

and not near its sides, otherwise the heat will crack the glass. The
flame of the taper will become extremely bright while it is burning in

the oxygen gas.
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Process 2.—Fill a small tube with oxygen gas, and hold in it a

lighted splinter of wood.

Process 3.
—If the light of a taper be blown out,

and the taper be let down into a glass of this gas,

while the snuff (which should be a thick one) re-

mains red hot, it instantly rekindles, with a slight

explosion. When the taper is relighted, it con-

tinues to burn, as in the preceding case, with a

rapidity, a brilliancy of flame, and an evolution of

light truly wonderful.

This experiment can be more conveniently per-
formed in a deflagrating jar with a wide mouth,
such as is represented by figures no and 115,

page 168.

Results of Combustion.—During combustion in

oxygen gas the volume of the gas often decreases, 140. 141.

and, if the combustion continues long enough, the

gas wholly disappears. This is owing to a combination which takes

place between the oxygen of the oxygen gas, and the body that is burnt

in the oxygen gas.
Sometimes the product of such combustion is a gaseous body, and

sometimes a solid. Thus, sulphur produces sulphurous acid gas, and

carbon produces carbonic acid gas;
—but phosphorus produces phos-

phoric acid, which is deposited in a solid state, and a vacuum is

produced in the vessel wherein the combination of the two elements

takes place.

During combustion great heat and light are often produced, but

combustion can occur without any sensible production of either light or

heat.

When combustion takes place in common air, the same phenomena
occur, but less rapidly, and to a less extent. Bv burning substances in

a given portion of common air, the bulk of that portion of air is

diminished one-fifth, and the remaining quantity will support neither

combustion nor animal life. The portion of air thus abstracted has

been proved to be oxygen, and the air remaining is nitrogen. And by
mixing nitrogen gas and oxygen gas in the above-mentioned proportions,
a compound is obtained which possesses precisely the same properties as

common air. Thus, therefore, the composition, and the proportions of

the constituents, of atmospheric air, is proved both by analysis and

synthesis.

The grand uses of air being to support life and combustion, and its

pure part being abstracted thereby, a continual supply becomes necessary
wherever those processes are carri<id on. This shows us how important
it is to renew the fresh air of the rooms we live in, in order that
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142.

breathing, and the burning of fires and candles, may be readily
carried on.

The subject of combustion will be more fully investigated in the article

on carbon.

Charcoal burns brilliantly in Oxygen Gas, and Produces
Carbonic Acid Gas.—Process 1.— Fill a bottle with oxygen gas, 01

else use a deflagrating jar, which is open at bottom and has a wide

mouth that can be closed by a stopper. When full oi

gas, this jar should stand in a tray containing water,

Then put a piece of red-hot charcoal into a deflagrating

spoon, and plunge it into the gas ; allowing the instru-

ment to be sustained in its place by the cork, or a flat

piece of tin plate, a, which is laid upon (not fastened

into) the neck of the bottle. The ignited charcoal must
not be allowed to go near the sides of the vessel or the

glass will crack. As soon as the red-hot charcoal comes
into contact with the gas, it begins to burn very vividly,
its combustion proceeds with great splendour, and bril-

liant scintillating sparks are thrown out in all directions.

When the combustion is at an end, it will be found that the oxygen gas
has been converted into carbonic acid gas. The reason that the cork to

which the spoon is attached must not be screwed tight
^ into the neck of the bottle, is that the gas, upon being

heated, expands, and would burst the bottle were it

closely fastened up.
The deflagrating spoon is made of iron, the bowl about as big as 8

shilUng, with a long wire handle, which can be passed through a cork.

contained in a short metal cylinder, sol-

dered to a flat plate of metal, serving
to close the mouth of a jar containing
the gas submitted to trial.

The deflagrating spoon may also b(

made of brass, to this pattern, th(

handle passing through a stuffing-box.
Process 2.—The preceding experi

ment may be performed on a smalle

scale, by employing a jar that hold

less gas, and using a wire, with a bi

of charcoal fastened to the end of it

In this case, beautiful sparks will b
thrown out, as before. The charcoa

should be made from a piece of bark-

such as oak-bark, in order that it ma;
burn with sparks.

143-

144. 145.
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Process
3.
—The combustion of charcoal in oxygen gas can be ex-

hibited in a very striking manner as follows:—A quantity of dry-

saltpetre, about 3 ounces,

is put into a florence flask

or similar thin hard glass

vessel, and is heated over

the argand spirit-lamp ^,
till the salt is in full fusion.

The pan p^ filled with

water is then put below
the flask. You have ready

(previously prepared)
about half an ounce of

charcoal in fine powder,
and perfectly dry. The

lamp is turned round from

under the flask, and the

charcoal dust is immedi-

ately poured through a

dry wide-necked funnel,
into the flask, where it

produces a splendid de-

flagration. If the flask

breaks, the contents fall

into the water and do no ^46.

harm.

Process 4.
—The same experiment may be performed very easily with

the help of the little apparatus figured in the

margin. It consists of a thin hard Bohemian

glass tube, 3 inches long and nearly an inch

wide. It is supported by a narrow crook of

tin-plate c, fixed by means of a cork a, into the

sliding socket of a tube-holder b. As much
nitrate of potash is used as fills about half an
inch of the tube when melted. The heat of a
small

spirit-lamp is suflScient for this quantity.
The dry charcoal powder is inserted by means
of a slip of iron d. The lamp may be moved
aside. The deflagration is very brilliant even
with this small quantity of saltpetre.

Theoiy :—
KN03

K^CO^ -f N« + 0'

Two atoms of nitrate of potash = KNO^ are decomposed because the
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resulting carbonate of potasli is bibasic = KKCO^ or KO,KO,CO. See

the explanation of this point in the article on the carbonates.
*
The

nitrogen and part of the oxygen is set free. If charcoal is in excess,

jiart of O^ becomes CO*.

In this simple manner, not only charcoal, but sulphur, phosphorus,
and a spiral of iron wire may be burnt in oxygen gas. forming very
brilliant experiments.

Examination of the Gas produced by Burning Charcoal in Oxygen
Gas.—When charcoal has been burnt in oxygen gas, as described at

page 182, it is proper to show that the gas is changed
in properties. Remove the jar to the pneumatic trough,
and transft.T the gas into several small jars of this sort,

sliding each off into a small tray.

Invert one of these jars, and put into it a slip of mois-

tened blue litmus paper, which will immediatelv turn red.

Into a second, pour a little clear lime-water, and shake

it with the gas ;
it will immediately become turbid.

Into a third, put a lighted candle. The flame Avil]

immediately be extinguished.
These results are such as do not occur with oxvger

and such as always occur with carbonic acid gas, into whicl

148.

gas,

Thusthe oxvgen has been changed by combination with carbon.

c + 06 = co«.

Sulphur burns beautifully ix Oxygen Gas, and produce;

Sulphurous Acid.—Process i.—A piece of sulphur, the size of a pea
is put into the iron spoon, set fire to by a candle an(

blowpipe, and plunged into the same jar, and in th<

same manner as directed for performing the experi

™, ,

ment with charcoal. See page 182. The sulphu
f 1

burns with a beautiful violet-coloured scintillatini

1' flame, and the jar becomes filled with sulphurous aci<

gas. If superfluous oxygen and a little water be pre

sent, the latter is converted into very weak oil c

vitriol.

Process 2.—The apparatus described in Process

page 183, may also be used to show the combustion of sulphur, whi

may be added to the melted nitre in powder or in very small bits.

Theory ;—KNO^ + S^ = KSO* -f- N -f SO. That is to say, tl

products of the deflagration are sulphate of potash, free nitrogen gas, a

sulphurous acid gas.

Splendid Combustion of Phosphorus in Oxygen Gas, and Pj

DUCTiON OF Phosphoric Acid.—Process i.—The light of phosphoru
in combustion in oxygen gas, is one of the most splendid that can I

]iroduced. Place a stick of phosphorus, about half an inch long, in a litt

hemispherical copper cup, raised by means of a wire-stand about six inch<

149.
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above the surface of water contained in a trav. Fill a large globular
receiver with oxygen gas, and then press over the mouth of the receiver,

after lifting it from the shelf of the pneumatic trough, a circular piece
of pasteboard, rather exceeding its diameter. Bring the receiver filled

with oxygen gas immediately over the phosphorus ; let the latter be

ignited by an assistant, then remove the pasteboard, and bring down
the receiver so as to cover the phosphorus, and immerse it in an

atmos{)liere of oxygen. Several holes should be pierced in the foot

that supports the cup, through which the gas expanded by heat may
escape. When the oxygen gas is pure, it is sufficient to fill only half
the receiver. Then, when the phosphorus is ready, the receiver is

lifted vertically from the water and put over the phos})horus, without

paying regard to the common air that enters, which does no harm.

The inflammation of the phosphorus is so extremely brilliant, that it is

almost impossible for the eyes to bear the light. The white odorous

compound produced by the combustion is anhydrous phosphoric acid,

which settles on the sides of the receiver in white Hakes, and finally
dissolves in the water, with which it combines, and produces a solution

of hydrated phosphoric acid :

P,PO=* + H,HO = H,PO^ + H,PO^

Figures 150 and 151 represent the apparatus necessary for this

important and brilliant experiment. Figure 150 represents the cast-

iron table and phos-

phorus cup. Figure

151 shows the whole

apparatus in position :

a is the glass globe ;

6, the phosphorus
cup ; c, the iron table

;

dy a stoneware pan
filled with water to

about a quarter of an
i inch above the surface

of the table c. The
I globe a, should be at

• least 8 inches in dia-
; 'neter, the neck of it about 3 inches in length and the same in diameter.
I l*'or a large theatre, the globe may be 1 2 inches in diameter. It should
i 3e

strongly welted, and ground flat at the mouth, that it may
•tand

steadily. The pan must be 12 inches in diameter, and not more
\yM-\ two inches deep. When these proportions are observed, the appa-

> is easy to handle, and the experimenter incurs no risk of failure
t~

breaking the globe. If the neck of the globe is too short to be

lily grasped by the hand, or if the water-pan is deeper than two

151.
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152.

inches, it is better to lift tha globe by applying one hand to each side

of the body.
Process 2.—When a small quantity of phosphorus and gas is

employed, the experiment may be per-
formed in the way exhibited by figure 152,
where a is a cyHndrical receiver containing

oxygen, and d a support for the phosphorus,

standing in water.

Process 3.
—The foregoing experiment

may also be performed by fastening a bit

(of the size of half a pea) of phosphorus to

a wire, or putting it in the iron spoon, and

then immersing it in a bottle of oxygen gas.
Process 4.

—
Phosphorus in small bits not

much larger than pins' heads, may be

dropped into a tube containing fused nitre. See Process 4, page 183.
Caution.—^The student is particularly cautioned against using larger

pieces of phosphorus than those directed, because phosphorus produces

very painful burns, and when it is in a liquid and burning condition it

is liable to be scattered about by any careless movement. The pieces
should be rapidly but thoroughly dried, but without being rubbed, on

blotting-paper. They should always be smaller than the spoon in which

they are to be burnt—never so large as to project over its sides—and

they should be inflamed by being heated on the surface with a* hot

wire, and not by holding the spoon over a flame.

Irox may be burnkd in Oxygen Gas : the Combustion is attended
BY a Brilliant Light, and the Product is a Metallic Oxide.—

Prepare a bottle of oxygen gas and a wire as described

below. Light the inflammable matter at the bottom of

the wire, and plunge it into the bottle, suspending the

whole by the cork. The flame will be instantly com-

municated to the wire, which will continue to burn with

an appearance inconceivably brilliant and striking : pro-

ceeding with a meteor-like body, in a spiral form, and

throwing out beautiful sparks in all directions.

These sparks, upon being examined when cold, are

found to be very different from the iron of'which they
have been formed.—They are brittle and destitute of metallic lustre.

The weight of the drops, too, is greater than that of the metal made

use of; so that, in burning, something must have been added to them;

this something is oxygen. The term applied to this compound is oxide

of iron, or iron and oxygen. When the drops, fly off in their fused

state, they are so hot, that unless the bottom of the bottle be covered

an inch or two with sand or water, they are apt to crack it.

The marginal figure represents a spiral iron wire, with a cork on it
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upper part that fits the neck of a gas-bottle. The kind of wire to be used

is about I -30th of an inch thick, and is called by the ironmongers hinding-

wire.' In order to bring it into the spiral, or cork-screw shape, .

it is coiled lightly round a stick of one-third of an inch diameter, cb
and then drawn off. Afterwards, the cork is fitted on, it is drawn y
out to a proper length, say three-fourths that of the bottle, and

has a morsel of tinder, charcoal, or thread dipped in brim-

stone or turpentine, fixed upon its lower end. A more effective

method of burning iron wire, when it can be procured very fine,

is to twist several pieces of it together like the fibres of a cord.
-^

This makes a finer experiment, and is less likely to fail, because

a single wire sometimes burns in the middle, and the lower half drops
off, finishing the combustion untimely. When iron wire is burnt in a jar
with an open bottom, such as fig. 145, the oxygen gas being pure, and
the cork fitting tight into the neck of the jar, the gas disappears and
the water rises to the top of the jar.

A steel watch spring can be burnt in pure oxygen gas, exhibiting a very
brilliant appearance. Steel wire gives a more brilliant light than iron wire.

The spiral of wire may be fastened to a hook and rod passing through
a stuffing-box with a brass flange.

Combustion of Zinc, and Formation of Oxide of Zinc.— Substi-

tute, for phosphorus in the experiment above described, a small ball

formed of turnings of zinc, in which about a grain of phosphorus is

enclosed. Set fire to the phosphorus, and cover it expeditiously with
the jar of oxygen. The zinc will be inflamed, and burn with a beautiful

white light.

Caoutchouc, Camphor, and many other combustible substances burn
in oxygen gas with great energy.

Proof that Metals are Increased in Weight by Combining with
Oxygen.—Coil up a drachm of very slender iron wire, put it into the bowl
of a tobacco-pipe, and place it in a clear fire. Have ready a bladder

filled with oxygen gas. When the iron in the pipe is red hot, force from
the bladder through the pipe a stream of oxygen gas. The iron will burn

very rapidly, and, by combining with the oxygen, be converted into oxide
of iron. If the bowl of the pipe is kept free from dust, the iron will be
found to have increased considerably in weight by its oxidation.

The experiment last cited can be made in a

more accurate manner as follows :•
—Letter b re-

presents a bent tube of hard Germaji glass, in

size io inches long by f inch diameter. It is

supposed to be half full of oxygen gas, and to

be standing over mercury in the trough a. By
means of tongs that have a receiver consisting of
two small hemispheres, a, a, that fit close to-

gether, a weighed piece of metal, such as Arsenic
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or Potassium, is put through the mercury and lodged in the upper bent

part of the tube, c, where it comes into contact with the oxygen ga.^.

Heat is then appUed to the metal

externally, by means of a spirit-

lamp, upon which the oxygen is ab-

sorbed and the mercury rises in the

tube. The amount of absorption
can be ascertained from a graduated
scale engraved on the tube.

156.

Use of Pepys's Gas-Holder as a Blowpipe.

The oxygen gas is compressed in the gas-holder, by water poured
into the trough, or when greater force is desired, by water poured into

the long funnel described at page 175. The gas then escapes with

velocity through the horizontal stop-cock
marked g in the figure at page 175, and I in

the present figure. Inflamed bodies, such as

are referred to in the preceding experiments,
held against this jet of gas, burn with vigour.
Even a steel watch-spring can be burnt thus,

the combustion being commenced by first

passing the oxygen gas through the flame of

a spirit-lamp, which is afterwards removed.

A brass or platinum blowpipe jet with a fine

orifice, lo, is screwed upon the cock I. The

gas is forced through the flame of a spirit-

lamp, or into a hydrogen gas flame (the philo-

sophical candle), and produces a blowpipe

jet, ^, of intense power. Platinum, and many other substances com-

monly considered infusible, can be melted in this jet.

Blowpipe with Gas-Bag.
—A bag of waterproof cloth, figure 158, can

be conveniently used as an oxygen blowpipe. The bag is filled with

157.

gas by screwing the stop-cock to the gas-cock of a gas-holder, or to the

gas jar, figure 120. When it is filled a jet is attached. Such a bag
can either be squeezed by the hand or placed under the arm, and the jet

be easily presented in any required direction. This, observe, relates to
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oxygen gas, and not to oxyhydrogen gas ; for experiments with which
this apparatus could not be used in such a manner without imminent

danger.
When a cheap apparatus of this description is required, the neck of a

broken flask may be cut off and tied into the neck of a good bladder,
softened with glycerine. To the glass neck two corks should be fitted ;

one of these should be perforated by a piece of glass tube, having a

connector to adapt it to the gas-delivery tube; the other should have a

jet-pipe formed either of brass or hard glass. The mouth of the jei-

])ipe can be closed for a time with a lump of wax. With the use of
the first cork the bladder is filled with gas, and the corks are then

exchanged; after which the bladder and jet can be used as a blow-
iim Mitscherlich's Ether-Lamp.

This apparatus consists of a glass spirit-lamp, in which sulphuric
ether can be burnt instead of alcohol, and in which a contrivance is

made for forcing a current of oxygen gas into the middle of the flame.

See figure 159. A is the spirit-

lamp, b a cork adapted to a hole

drilled in the bottom of the lamp,
a a is a bent tube for bringing

oxygen gas from a gas-holder. This

supply-pipe ends in a blowpipe jet
at c. B is a wooden foot, d is a

tube to lead away from the flame,
the ether-gas which is formed when
the lamp becomes heated. The
wick used for this lamp should be

larger than for an ordinary spirit-

lamp. When this lamp is lighted,
and the oxygen gas set on under

pressure, the flame becomes very
small and gives little light, but it

has such intense heating power as

to be able to melt both platinum
and quartz. The tube that holds the wick should fit tight into the
neck of the lamp, otherwise atmospheric air enters and forms an explo-
sive mixture with the ether-gas. It is, however, difficult to prevent
slight explosions with this lamp, but if care is taken they are not

dangerous.
The following little apparatus, which is easy of construction, pro-

duces also a powerful heat, a a, is a glass tube about three inches

long and one inch in diameter
; h, a cork, through which passes a narrow

metallic-pipe, c c, having a blowpipe orifice at the upper end, and
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adapted below, by means of the cork, d, to a gas-holder or other vessel

c containing oxygen gas. e, a stoneware or metal wick-

holder, such as forms part of a small spirit-lamp. The
wick is of asbestus, and the lamp is to be filled with

sulphuric ether. The point of the pipe c must be close

to the surface of the asbestus wick.

Distinguishing Test for Oxygen Gas.—Half fill a jar
with oxygen gas over water, and pass up into it, bv
means of a second

jai',
some nitric oxide gas. When

these two colourless and permanent gases come into con-

tact they produce a dark orange red coloured vapour,
which is soon absorbed by the water of the jar. Only
oxygen gas, and gaseous mixtures containing oxygen, act

thus with nitric oxide gas.
Examination of the Compounds produced by the

Combustion of Metals, Metalloids, &c., in Oxygen
Gas.—I have, at page 184, recommended that the gas

produced by burning charcoal in oxygen gas, be subjected
to certain experiments to prove the acquisition of new

properties. In like manner may the products of the combustion of

other substances, whether gaseous, liquid, or solid, also have their pro-

perties developed by the action of suitable tests. It will then be found,

that the products of the combustion of the metalloids when dissolved in

water are acid, and those of the combustion of the metals are either

alkaline or neutral, according to the special nature of the metals that

are submitted to trial in each combustion.

J 60.
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2. HYDROGEN.

Symbol, H
; Equivalent, i ; Specific Gravity of Gas, i ; Atomic

Measure when isolated, i ; Atomic Measure when acting as a radical in

salts, I ; Condensing action on the Atomic Measure of other Radicals, o.

Occurrence.—It exists in water, nine parts by weight of which

contain one part of hydrogen. It is also an essential constituent of all

animal and vegetable substances. This element is therefore of immense

importance as a constituent of the material world. See page 9.

Properties.
—At the ordinary temperature it is a gas, colourless,

tasteless, inodorous, insohible in water, and without action on test-

papers. It is easily combustible, and if inflamed at the mouth of a

pipe in oxygen or air, it gives a flame of intense heat, but scarcely any

light. If hydrogen gas and oxygen gas are mixed, and then inflamed,

they burn with violent explosion. The gases disappear in the propor-
tion of two volumes of hydrogen to one volume of oxygen. The

product is water. Hydrogen gas is unfit for respiration, yet may be

safely breathed once or twice if pure, and is said to give a shrillness to

the voice. But it is difficult to procure hydrogen gas perfectly pure,
and fatal to breathe it when containing certain impurities.

Hydrogen gas is the lightest known body, its specific gravity bearing
to that of air the relation of i to 14*47, ^^^ *^ ^^^^ ^^ oxygen the

relation of i to 16. When the specific gravity of air is fixed at 1 'OOO,
that of hydrogen becomes 0*069108, and was found experimentally by
Regnault to be O' 06927. See page 140. It seems to me to be
absurd to make the density of atmospheric air the unit or standard of

gaseous densities, because it gives a very uneven number, for every

gas without exception ; whereas, by making hydrogen the standard of

comparison, as well for density of gas as for weight of equivalent, great

regularity is obtained, and all gaseous densities are expressed in simple
numbers directly referring both to their chemical equivalents,* and their

atomic measures. Why do chemists plague themselves and puzzle their

students by adopting for the specific gravities of gases, a standard of com-

parison which is ridiculously inconvenient? A century ago, when
chemists first began to discriminate gases, it was natural enough to

'Hipare their properties, both chemical and physical, with those of
•

niospheric air. But in the present state of gaseous chemistry, the

tention of such a standard is a barbarism.

The weight of a cubic inch of hydrogen gas is 0*021379 grain.

4^*775 cubic inches = i grain. Barometer, 30 inches. Thermometer,
60° F. Its atomic measure is one volume. Its atomic weight =1.
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I refer the reader to the suggestion offered at page 1 41 , respecting
the graduation of gas-measures in such a manner that volume should in

all cases readily intimate weight. There is no doubt that by and by,
when chemists have resigned some of their present prejudices in favour

of established practices, for no other reason than that they are esta-

blished, this method will be universally adopted.

Preparation of Hydrogen Gas.

Note.—The reader is supposed to he master of the information

respecting the management of gases, which has been given in the article on

Oxygen.

a). Put into a tall test-glass a small quantity of diluted sulphuric

acid, prepared by mixing one measure of oil of vitriol with about eight
measures of water. Then dip into the acid a long slip of

thin sheet zinc, or drop in a few pieces of granulated zinc.

Effervescence (p. 56) will immediately commence about the

metal, which begins to dissolve, and an immense number
of bubbles of air will rise through the liquid and escape at

its surface. These bubbles are hydrogen gas.

6). Clean iron, in the form of nails, wire, turnings,

filings, borings, &c., put into the same acid, also disengages

hydrogen gas ;
but the gas prepared with this metal is com-

^^^'
monly more impure than that prepared with zinc, and

has a disagreeable smell, which is owing to impurities contained in

the iron.

c). Diluted muriatic acid may be used with the same success as

diluted sulphuric acid.

d). When the gas is to be collected for experiments, it may be pre-

pared in a gas-bottle of the form represented in the margin. The

capacity of the bottle may be from one ounce to forty

ounces, according to the quantity of gas that may be

desired. Such sizes as eight ounces and sixteen ounces

are generally used for preparing small quantities oi

gas. The bottle is most handy when made with a

flat bottom. The mouth should be very round and

rather less than an inch in diameter, because it if

difficult to fit it with an air-tight cork if wider. The
cork should have the full length of a wine-bottk

cork, and the part that projects beyond the bottle

162. should be coated with strong varnish to fill up the'pores.
The bent glass gas-leading tube should be passed

through a hole in the cork carefully bored to fit the tube by meam
of a brass cork borer. The length and bend of this tube should ht

such that the gas may be conveniently passed from the bottle into the
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oO
163. 164.

165.

gas-holder, page 1 75, or the pneumatic trough, page 177, &c. The bore

of the tube must be lai*ge enough to permit the gas to escape as rapidly
as it is produced. Tubes of such sections as figures

163 and 164 are convenient. If the tube be very-

narrow, and too much or too strong acid be taken, the

pressure of the gas may burst the bottle. The sub-

stance of the glass should never be so thin as is

represented by figure 1 65, otherwise the

tubes are too fragile, and moreover it

is more difficult to bend thin tubes than

thick tubes into suitable forms.

Figure 1 66 represents a gas-bottle of

very useful form, fitted with an indian-

rubber cap and tube, instead of a perforated cork.

The zinc being put into the gas-bottle, and a

little water added, say, to about the capacity of

one-fourth of the bottle, strong sulphuric acid may
then be added

;
but it is better to use an acid

already diluted. Sulphuric acid of 50°, or con-

taining 50 test atoms of HSO^ per decigallon (see
the subsequent article on Sulphuric Acid) gives
a rapid current of gas ;

but acid of 25° is generally
to be preferred.

e). For the sake of greater convenience, and
in order to prevent accidents, the gas-bottle is

often arranged in another manner. The neck is

chosen wider, namely, about an inch and a quarter

diameter, and the cork is twice perforated. If a sound cork, both long

I 166.

^r

/
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enough and wide enough, can be got, you may be thankful; for a

good cork is a treasure to a man who has to prepare a gas-bottle. But
it commonly happens that corks more than an inch in diameter are too

short to be useful for bottles that require to be frequently uncorked.

It is necessary, therefore, to lengthen them, as represented in figure i68,

by cementing to the upper end a disc of plane-tree wood, half an inch

thick, a little wider than the cork, and milled on the edge. The wood
and cement entirely close the pores of the cork, and the wood serves

as a handle for the system of tubes fixed within it. The wood must, of

course, be bored with two holes, corresponding with the holes in the

cork, and which holes are prepared to suit the glass tubes that are intended

to be fixed in them. These tubes are shown in figure 167, where a

represents a glass funnel with a neck from fifteen to twenty-four inches

long, h a glass tube bent in the form of letter "], cZ a gas-delivery
tube of the form already described, and c a flexible tube of caoutchouc

used to connect h to d, so as to leave d a little movable. The wooden

top is not shown in this figure, but is represented by h in figure 168.

Figure 169 shows a different form of bottle, which requires to be

made of hard German glass with a thin flat bottom. Flint glass bottles

with thick bottoms, and if flat with punty
marks, are unfit for gas-bottles. They answer

indeed for hydrogen gas, but not for the prepara-
tion of other gases that require the help of heat.

In figures 1 67 and 1 69 the acid-funnel, a, is

represented of considerable length, whereas in

figure 168 a very short acid-funnel is shown.

The reason is, that the bottle with the short

funnel is intended to prepare gases for testing

purposes (see Sulphuretted Hydrogen), where

the pressure exercised by the liquor upon the

end of the delivery-tube is very small : whereas,

when the delivery-tube passes into the water of

the pneumatic trough, a considerable portion of

it is sometimes submerged, and the hquor in

the gas-bottle rises in the acid-funnel a length equal to the dip of

the delivery-tube in the water of the trough. If, therefore, the acid-

funnel is made too short, the acid of the bottle may overflow by the

funnel, in consequence of the joint pressure of the generating-gas and

of the water of the trough.
To prepare Hydrogen Gas with a gas-bottle fitted with an acid fun-

nel, proceed as follows :
—Put into the bottle some metallic zinc, in the

state of granulated zinc, turnings of zinc, or slips of rolled zinc. Fix

the cork with its system of tubes in the neck of the bottle
; pour a little

water through the funnel, so as to fill about one-third part of the bottle,

or, at any rate, to cover the lower end of the long funnel, and then add
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Strong oil of vitriol in small quantities at a time. The disengagement
of gas commences immediately, and when it slackens, maj be invigo-
rated by adding a little more acid. It is thus very easy to regulate the

production of the gas, causing it to be either slow or rapid, by the

proper management of the acid. The first gas collected, to the extent

of twice the contents of the bottle, must be rejected as impure.

Theory of the Production of Hydrogen Gas :—
When Sulphuric acid is used,

HSO« + Zn = ZnSO« + H.
When Muriatic acid is used,

HCl + Zn = ZnCl + H.

That is to say, the basic radical hydrogen of the acid is replaced by
the basic radical zinc. The sulphate of hydrogen is changed into the

sulphate of zinc, or the chloride of hydrogen into the chloride of zinc.

We sometimes find these remarks in books. "
Hydrogen is always

obtained by deoxidising water." "
It is not easy to explain the fact

of the ready decomposition of water by zinc, in the presence of an acid

or other substance which can unite with the oxide so produced." The
reason of the difficulty of explanation is, that the fact itself is disputable.
There is no evidence that water is decomposed in this experiment. No
excess of zinc can expel from any quantity of water more hydrogen than

is furnished by the atomic quantity of hydrated sulphuric acid that is

neutralised by the dissolved zinc. HSO^ gives H, and no more. On
the other hand, Zn gives H, and no more, however great the excess

of acid and w^ater with which it may be placed in contact. Therefore,
none of the hydrogen comes from deoxidised water, at least, according
to the ordinary meaning of that term. It is all derived from the oil

of vitriol. It is, however, the general fashion to say that oil of vitriol

contains an atom of water, and this^ opinion is expressed in the com-
mon symbol HO,SO^, yet even that is not a certainty, for oil of vitriol

may not only be represented as HO,SO^ but as H + SO^ or as

HO^ 4- SO^, in which cases the oxygen and hydrogen are not present
as water, but in a different state of combination. Hence the declara-

tion, that "
hydrogen is always obtained by deoxidising water," is not

the expression of a mere matter of fact, but of a preconceived theory,
which may possibly be true, but possibly may be erroneous. It is,

indeed, true that the mixture HSO^ -|- Zn, without additional water,
;

does not give off hydrogen gas, but the reason is that the zinc becomes

J
instantly coated with sulphate of zinc, which is insoluble in strong

\ sulphuric acid. The use of the water is to dissolve the generated sul-
' phate of zinc and expose continuously a clean surface of metal for the

acid to act on. Instead of the explanation usually given of this experi-
: ment, namely, "that the acid assists the metal to decompose the

;
water," it would be more exact to state, that the water assists the metal
to

decompose the oil of vitriol. In one respect, however, it is true that

the hydrogen comes from deoxidised water, and this is, that the hydro-
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gen contained in oil of vitriol is originally procured from water. But
this ultimate truth is not what is commonly referred to.

f). Preparation of Hydrogen Gas witJiout an acid.—Fill a small gas
bottle with a solution of caustic potash of sp. gr. 1*3. Add fine zinc

turnings and cast-iron borings. Apply a cork and

gas-leading tube, fill the tube with the solution of

potash, and insert the end of it under a gas jar

filled with water, and inverted in a pneumatic

trough. In a short time hydrogen gas is disen-

gaged by the mixture, and when the current slackens

it may be increased by applying a gentle heat to

the gas bottle. The zinc dissolves, but not the

iron. If the materials are pure and the liquids

previously boiled to expel atmospheric air, ver}'

pure hydrogen gas may thus be prepared, witi

the utmost ease and in considerable quantities.
^ *

Theori/ ;—KHO -f Zn = KZnO + H.
This experiment seems to me to confirm the arguments urged in th(

preceding article. The hydrogen produced is exactly equal in quantit}
to that contained in the decomposed portion of hydrate of potash
Never more. The water employed acts merely as a solvent, and is no

concerned in the chemical changes that occur. The use of the iron i;

to form a galvanic circuit, to hasten the solution of the zinc. It is no

essential to the decomposition, for zinc dissolves slowly in a solution

potash, when iron is absent.

Hydrogen gas is also disengaged when zinc and iron are put int<

solutions of caustic soda and caustic ammonia.
The two following are genuine examples of the liberation of hydrogei

gas from water.

g.) Fill a glass test-tube, half an inch wide and four inches long
with mercury, and invert it in a small porcelain cup containing mercury

Pass up a little water into the tube, and afterwards pas

up a very small piece of metallic potassium or sodiuir

When the latter touches the water, it will be dissolvec

and a quantity of gas will be disengaged. Close th

mouth of the gas tube with the thumb, lift and invert i

and apply a lighted taper to its mouth, upon which yc
will perceive the gas to burn like hydrogen. Pour th

water from which the potassium expelled the gas into

test-glass, and test it with litmus paper or the applicatio
of coloured vegetable solutions. See page 31. Yo

will find it to be alcaline. Thus, then, potassium disengages hydroge
from water, and converts the latter into a solution of hydrate of potasl

Theory :—HHO + K =. KHO + H.

h). When clean iron wire is twisted up and put into a porcelai
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tube h, traversing a furnace a, and is made red hot, and water is

passed over it in the state of steam, the

water is decomposed, the iron is ox-

idised, and hydrogen is set free.

Theory :
—

3Fe + 2HHO = FeFec^'O^ + H*.

This is the intermediate oxide of iron

which corresponds to the intermediate oxide of manganese referred to

at page 164.

Figure 173 represents a complete apparatus for the performance of

this experiment. The furnace is of an oblong form specially suited for

heating tubes, I copy it from "
Regnault's Chemistry."

172.

The last two processes are introduced to show interesting facts, not
as methods of preparing hydrogen gas.

To purify Hydrogen Gas.

a.) Connect the gas bottle with a second bottle containing a solution
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176.

of caustic potash, a, through which the gas is to be passed before it

is collected at the pneumatic trough. The figures explain the details.

6.) Pass the gas through glass tubes filled with pumice-stone, moist-

ened with a solution of caustic potash, and afterwards through a glass
tube containing pumice-stone mois-

tened with a solution of sulphate of

silver. The gas is thus deprived
of its odour. Glass tubes may be

used of any of the following forms,

figures 176 to 181. The V-shape
and U"shape are commonly used

when a large quantity of gas is to be

purified. A great many other forms

of apparatus for purifying gases will

be seen on running over the follow-

ing pages.

To dry Hydrogen Gas.

A glass tube is filled with lumps, the size of small nuts, of chloride

of calcium that has been recently heated to redness in a crucible. This

177.

"^r
\^^

178.

j\

h A
180. 181.

substance is extremely deliquescent, and therefore readily abstract

moisture from any wet gas that is brought into contact with it. Ont

end of this drying tube must be connected with the vessel containing
the wet gas, under pressure, and the other end of it with the ap])aratu:

into which the dry gas is to be driven. Care must be taken that the

drying tube does not become choked.—Another method of drying gase:

is to pass them through a U-shaped or V-shaped tube, filled witl

knobs of pumice-stone, saturated with concentrated sulphuric acid, 0:

through a small quantity of sulphuric acid put into the bend of th<

tube, as shown in the figures, or through a tube containing lumps

anhydrous phosphoric acid. This last is a very effective but expensiv*

process. When large quantities of gas are to be dried, glass vessels

the form of figures 180 and 181 are sometimes employed. These ar



PROPERTIES OF HYDROGEN GAS. 199

fr%

filled with lamps of fused chloride of calcium. The gas is passed in

by the lower tubulure and allowed to escape by the upper one. The
solution of chloride of calcium, which gradually sinks to the bottom,

can be poured out at the lower tubulure.

These vessels are used in purifying and drying all sorts of gases ;
but

the substances requisite for the drying or purifying of different gases

depend upon their natures. The purifying or drying substance must

have the greatest possible power of absorbing the impurity that is to be

separated, and the least possible action on the gas that is to be purified.

Experiments illustrating the Properties of Hydrogen Gas.

Levity of Hydrogen Gas.—Fill a small jar with hydrogen gas, turn

its mouth up and leave it open ;
in a short time the gas will

have escaped, and the jar be filled with common air. Hydrogen
gas can be put out of one vessel into another in the open air,

by a species of inverted pouring.
A large light glass globe, fig. 114, is to be suspended, mouth

downward, by a slight network of threads, to the end of a

balance, and counterpoised. A flask containing hydrogen gas
is to be opened and placed, mouth upwards, below the counter-

])oised globe. The air in the globe will descend and be re-

placed by hydrogen gas, and the weight of the globe will

appear to be diminished, for it will rise.

Combustible Nature of Hydrogen Gas.—Apply a light to the

mouth of a small jar containing hydrogen gas, fig. 182. The gas will

take fire and burn with a pale blue flame, that descends into the glass,
and

finally disappears.
At the lecture table, experiments of this kind may be performed with

plain cylinders, 6 incJies by i^, or 9 or 12 inches by 2. For private

experiments, small glass tubes may be used, such as 3 inches by i inch.

Hydrogen Gas does not support Combustion.—Into an inverted jar
\ filled with hydrogen gas, introduce a wire bearing a lighted taper on its

! summit : the flame of the taper will be extinguished, but .

the gas will burn at the mouth of the jar. V.

I Miniature Balloons. —A mode of illustrating the g
\
extreme Lightness of Hydrogen Gas.—Fill a bladder

\ with hydrogen gas, in the manner directed at page 169,

I

or 172, and adapt a common tobacco-pipe to the mouth

\
of the bladder by means of a stop-cock. Some care is

\ required in preparing a bladder for such experiments.

[
The bladder should be w^ell washed in warm water con-

I taining potash or soda, and the fat neck should be

I
soaked in pretty strong potash water, and then scraped ^

i with a piece of wood. When cleaned thoroughly, a

I
brass collar, fig. 186, must be tied firmly into its neck, 183. 184.

j82.
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and to this must be fitted a stop-cock, with two male screws, such as

fig. 185. The tobacco-pipe may be made either of clay, fig. 187, or

1

185. i85. 187.

brass, fig. 188. It must be cemented in the end of a connecter, having
at the other end, b, a screw adapted to one end of the stop-cock 183.
The apparatus represented by fig. 158, may be used for this experiment,
after removing the jet from it, and substituting the tobacco-pipe,

fig. 188. Prepare a strong solution of soap (a lather such as children

use to blow common soap bubbles with), dip the bowl of the pipe into

it, and by compressing the bladder, after having opened the stop-cock,
fill soap bubbles with the hydrogen gas. These, when shaken from the

pipe, instead of falling downwards, like common bubbles, will rapidly
ascend to the ceiling of the room. This experiment affords not only an

illustration of the lightness of hydrogen gas, but also of the principles of

Aerostation : for it is either with hydrogen gas, or with carburetted hy-

drogen gas, that air balloons are inflated.

If one of these soap bubbles be arrested in its flight by the application
of a lighted paper, the hydrogen gas will take fire, and the bubble will

burst with a vivid flash of light.

N.B.—Take care not to inflame the bubbles till they are detached

from the pipe.
Air Balloo:n'S.—A very pretty apparatus is sometimes to be had of

the philosophical-instrument makers. It is a little balloon, in shape

resembling a bladder, and about 4 or 5 inches in diameter. It is made
of fish bladder, and is so extremely light that, when filled with hydrogen

gas, and left free in the atmosphere, it ascends.

Balloons are also made of gold-beaters' skin. This material is

thicker, but the balloons are more durable. When not less than 8 inche

in diameter, they will ascend with pure and dry hydrogen gas. If oi

10 or 1 2 inches diameter, tjiey will ascend when filled with good dry coal

gas. The mouths of such balloons must never be wetted, even with

the lips. When blown into by the mouth to ascertain their soundness,

a glass tube should be used. They should be preserved in a tin case ©r

a closed bottle, containing a piece of camphor, otherwise insects eat



THE PHILOSOPHICAL TAPER. 201

holes in them. They cannot be conveniently filled with hydrogen gas
direct from the bottle in which the gas is prepared. It is necessary first

to collect the gas in a receiver or gas-holder, and then to transfer it.

See page 169. In transferring the gas, it should be passed through a

desiccating tube, containing chloride of calcium, in order to dry it and

render it light. Before you begin to fill a balloon, you should have

ready the whole quantity of gas necessary to fill it. If your mounted

receiver, page 169, a b c, or page 204, a c g, is too small to hold the

proper quantity, the remainder of the gas may be held ready in bottles

or jars.

A balloon of this description, made of strong gold-beaters* skin,

about 5 feet in diameter, and 7 feet in height, and of the capacity of 50
cubic feet, when filled with dry hydrogen gas, will carry up a weight of

four pounds. The cost of such a balloon is five pounds.
I need scarcely inform my juvenile readers that round balloons of

8 or 10 inches diameter are sometimes painted so as, when filled with

gas, to resemble boiled plum-puddings, and that these are occasionally
served at the Christmas dinner-table under a dish-cover, which, on being
removed, permits, to the astonishment of juvenile spectators, the

apparent plum-pudding to ascend to the ceiling of the room, to be

succeeded on the table by a plum-pudding of a less volatile character. «

The Philosophical Taper—An illustration of the Combus-
tibility OF Hydrogen Gas.—Fit a narrow glass tube into the neck of

a glass bottle, into which materials for producing hydrogen gas have

previously been put. In a short time the gas will issue from the top of

the tube. Let it escape till you think as much has issued as served

in the beginning to fill the bottle, then apply to the top of the tube a

lighted paper ; upon this the gas will be inflamed, and will burn with a

bluish-coloured jet, as long as it continues to be produced. This flame
is scarcely visible in the day-time, but notwithstanding its dimness it is

intensely hot. If a small piece of caustic lime or of chalk, with a fine

point or sharp edge, is held in the flame, it soon

produces a brilliant white light. The reason that a

quantity of air must be suflered to escape has been

explained. Hydrogen gas mixed with common air

violently explodes when inflamed, so that particular
care is requisite, in this experiment, to let all the

common air escape. The glass jet must be made of
hard

(infusible) glass, pretty strong in substance,

particularly near the point, otherwise it will melt and
close up, and cause an explosion to occur. The
orifice should be very small. The lower part of the

tube, within the bottle, should be ground off aslant,
that it may not become choked by drops of water.
A little oil put on the surface of the liquor in the i«9.
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bottle, causes the gas to pass off with more regularity. The most

effectual way to prevent the occurrence of an explosion, in consequence
of the fusion of the jet, is to use a bottle provided with a safety-

funnel, as represented by figure 189.
Another mode of perfowiing this Experiment, is by fixing a tube to a

bladder or gas-bag filled with hydrogen gas,
—when, by pressing the

190.

bladder more or less, a very pretty jet, or stream of fire, either large or

small, is easily produced. No danger need be apprehended, because

the smallness of the hole in the end of the pipe prevents the flame from

entering into the bladder.

These figures represent brass jets provided with screws to fix them

to the stop-cocks of bladders, &c.

In the following figure the apparatus is shown complete.

Musical Sounds produced by the Combustiox of Hydeogen
Gas.—Take a glass tube, from 18 to 24 inches long, and from i to 2

inches wide, and open at both ends. See h in figure 193.

Bring it down a few inches over the flame of the philo-

sophical taper, and very strange but pleasing sounds, some-

(^t!!^^
what resembhng those of an ^olian harp, will be immediately

St^ produced. By raising or depressing the tube, or by using
tubes of difl^erent sizes, the intensity of the musical chord

may be greatly varied. Two tubes may be so chosen as tc

produce a difference of an entire octave in the tone. T!

production of the sound is occasioned by the rushing of th'

air into the tube, to supply the vacuum repeatedly formed

by the condensation of the oxygen of the air into water, at

it combines with the burning hydrogen.

Hydrogen Gas has the power to give a peculiar shriRneSi

to Sound.—Pure hydrogen gas can be safely breathed by
man to the extent of two or three inspirations but not more, and wher

it has been breathed, it gives a peculiar shrillness to the human voice. Ji

193.
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is, however; difficult to prepare pure hydrogen gas, and when impure

hydrogen is breathed, it readily causes death. A young chemist of Dublin

performed the experiment of breathing hydrogen gas which had been

prepared by means of commercial muriatic acid. He became very ill,

and it was found on examination that the muriatic acia contained

arsenic, in consequence of which the hydrogen gas which he had
breathed contained that poisonous

gas arseniuretted hydrogen. The
unfortunate gentleman died after

some days of severe illness. An
experiment illustrating the action

of hydrogen gas in modifying
sound can be made as follows

without danger. Fill a large bell-

receiver with hydrogen gas, and

place it in a tray in such a posi-

tion that it can be readily fastened

to a support proper to suspend it

when the tray is removed. Strike

the hammer upon the bell in the

open air, and then recognise its

peculiar tone. Then put hammer
and bell into the hydrogen gas,
and strike the bell again. The
musical note will be entirely dif-

ferent from the former, and much
shriller.

The Hydrogen Lamp.—When hydrogen gas issues from a small

orifice and strikes upon pure spongy platinum, held in the open air, it

causes the platinum to become red hot. If the cur-

rent of hydrogen gas continues, the red-hot platinum
inflames it. The hydrogen lamp was contrived to

apply this remarkable property of hydrogen gas to a

aseful purpose, and before the invention of lucifer

> matches, it was much employed as a ready means of

procuring a light. This lamp is figured in the

margin. <z is a glass cylinder containing very dilute

sulphuric acid, of about 30° or spec. grav. i*i.
5; is a cylinder of zinc, the solution of which in the

acid produces the hydrogen gas. The gas collects

n the funnel f^ which is cemented to the top e, and
"losed by the stop-cock c. The acid is gradually
Iriven from the funnel into the cylinder, until the funnel is filled with

^as. When the stop-cock c is opened, by pressing down the lever, the

?as issues from the jet h and strikes upon the platinum held in the brass

p 2

195.

t
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collar d, immediately after which a flame appears between d and h, at

which matches of paper may be lighted. Brimstone matches spoil the

platinum. The platinum is fixed in the collar in the

manner shown by the marginal figure. When the ap-

paratus is first set up, the common air must be taken

from the funnel, by covering the collar d with paper, and
then opening the stop-cock c. The fiinnel is then allowed

to fill with hydrogen gas, which is let off in the same

manner, without being allowed to strike upon the platinum. This is

repeated once or twice, after which the gas will be pure. The paper is

then taken away and the pure hydrogen gas is allowed to strike upon
the platinum. If the gas does not take fire, it must be inflamed by a

lighted paper, in order to dry the platinum. After that it will act

properly. As the acid becomes saturated with zinc, crystals of sulphate
of zinc form in the cylinder. At the end of some months the solution

must be thrown out and fresh acid put into the cylinder.

Figure 197 represents an ornamental hydrogen

lamp, constructed on the same principle.

Explosive Powers of a Mixture of Two Parts
OF Hydrogej^^ Gas with One Part of Oxygen Gas

(OXYHYDROGEN Gas). DETONATING BALLOONS.—
Bubbles blown with this mixture, with the help of a

bladder and tobacco-pipe, page 200, will ascend in the

air, though not so rapidly as those filled with pure

hydrogen. But, upon the application of flame, they

will explode with far greater violence
; without, how-

ever, occasioning any accident, unless they are firec

before they are away from the pipe.
The best way to prepare this mixture of the gases is as follows :-

Use the jar, a, figure 198, with the cap, c, the stop-cock, g, and ti

connector, f, but without the parts marked e, d, h. Fii

the jar with water, and place it on the shelf of the trough
in the position of the jar represented in figure 132. Transfe

from another jar as much oxygen gas as fills thirty measure

of this jar according to the graduation, using either a delivery

tube like c, figure 132, or passing up the gas by means of

small jar. Then, in like manner, pass up sixty measures

hydrogen gas. These proportions make the explosis^e mixtui\
j

Caution.—Bear in mind the important circumstance, thi

this mixture is explosive in close vessels, so that if a li^
is applied to the mouth ofa vessel in which it is contained, th

whole of the mixture explodes at once, and with such violent

as to shatter the vessel, and fling about the fragments i

all directions, to the imminent danger of all who happen 1

be within their reach.
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199.

Resin Balloons.—Bottger gives the following instructions ifer preparing
detonating balloons :

—Mix eight parts of resin with one part of refined

linseed oil, in an iron or porcelain capsule, h, placed over

a water-bath, a. Melt the mixture and retain it fluid

at about the temperature of 200°. This mixture maj
be used instead of soap-lather to blow balloons, either

with common air or the gases, using a common tobacco-

pipe to blow with. To prevent their bursting on sepa-
ration from the pipe, they must be allowed to fall on a

sheet of paper strewed w^ith powder of lycopodium.
These balloons have an elegant appearance in sunshine.

If thrown from a high window, they do not burst till

they come into contact with the ground.
When oxyhydrogen gas is used, and the balloons are blown w^ith the

assistance of the bladder-apparatus described at page 200, they may be

cautiously deposited upon porcelain plates, strewn with powder of lyco-

podium. Though excessively thin, they retain the gases perfectly, and
for some experiments they are preferable both to bladders and caoutchouc
balls.

The explosive power of oxyhydrogen gas may be effectively demon-
strated at lectures by one of these balloons. Suppose one to be pre-

pared of from three to four inches diameter, or containing about thirty
cubic inches of the mixed gases, and to be lying upon a porcelain plate.
The inner surface of your left hand is to be strewn with lycopodium.,
and the resinous ball is to be gently rolled from the plate to the hand.
A lighted paper is to be taken in the right hand, the face turned aside

from the left hand, and the balloon to be inflamed. A violent explosion
is instantly produced, for thirty cubic inches of oxyhydrogen gas is a

large quantity to ignite at once
; yet the hand that sustains the explosive

mixture is only slightly shaken, and suffers no injury whatever.—
Bottger.

If a strong solution of soap, contained in a pan or an iron mortar, be
blown up by this explosive oxyhydrogen mixture into a large cauliflower

head, by means of a bladder and

pipe, and a light held at the end
of a long stick be applied, an ex-

plosion of an extremely violent

description is produced, with a

report like that of a cannon.
If a similar mixture be put into

a
strong pint bottle, such as a

green soda-water bottle, and the

bottle be enveloped in many folds
^°°*

of a coarse cloth, and the mixture be inflamed by withdrawing the cork
and applying a light to the mouth of the bottle, a similar stunning

^^^m



206 HYDROGEN.

201.

explosion !« produced.
—Instead of a glass bottle, a small strong bottle

of tin-plate may be used for this experiment. Its capacity may be one
fluid ounce

;
the neck narrow and

provided with a closely-fitting cover,
which should be broad enough to

serve for a foot. A small quantity
of the explosive mixture may also

be
inflamed^'with perfect safety by means of a strong German glass tube,

about three inches long, and of the thickness and diameter of fig. 202.

The tube may be held by the fingers. It

r^-^B-.

never bursts if made of well-annealed glass.

nj The electric spark explodes this mixture

II as readily as common flame. Figure 203

-f-tJ^ represents a small cannon made of tinplate

O"'
\ i

"I
/ or brass, a a, are two wires with knobs, 6 6,

j
I

1 at their outer ends. The wires pass through
C_S <J small glass tubes set in the sides of the

J cannon, and approach very near to each other

202. 203. witliout absolutely meeting. Fill the can-

non with the mixed gases at the water-

trough, and close the mouth with a cork. Then pass an electric spark

through the mixture from knob to knob. The gases explode, and the

cork is thrown out like a shot.

The following is a similar experiment. A large bladder is closed by
a cork, through which passes a glass tube, e, and two wires, the ends of

204.

which nearly meet inside, and are furnished with knobs outside. The

bladder is filled with gas by connecting the tube e with the stop-cock of

the apparatus depicted at page 169 or 175. The tube is closed with

wax when the bladder is filled, and the two knobs are connected by
wires with the outer and inner side of a charged Leyden jar. The electric

spark passes through the gaseous mixture from wire to wire at z, and a

tremendous explosion is produced, which shatters the bladder to pieces.

If the bladder is large, the noise produced by the explosion is so great
as to be unpleasant in a room. It is ad\dsable, therefore, to suspend the

bladder out of doors, and to carry long wires from it to the place where

the electric spark is to be produced.
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The Leyden jar may be charged with electricity by an electrical

machine, or by an electrophorus. Figure 205 represents tlie form

of this instrument. The upper part is a disc of

brass or tin-plate mounted with a glass handle.

The lower part is a plate of pitch, which is

rubbed when required for use with a piece of

fur, by which the electricity is excited. A
convenient form of electrophorus is provided

by substituting a rod of gutta-percha for the

glass handle of the metal disc, and by using
a thin sheet of gutta-percha instead of a pitch 205.

plate for the electric.

The whole apparatus being made clean and dry, the electric is rubbed

by the fur to excite it. You then—holding the handle of the disc

merely by the ends of the fingers, and not grasping it in the hand,
which soon moistens it and spoils the action—place the metal disc on
the electric, touch the disc with your finger, lift

it, and hold it to the
knob of the Leyden jar, into which a spark will pass from the disc.

This is repeated until the jar has acquired a sufficient charge.
A Leyden jar of the capacity of two ounces of water—that is to say,

measuring three inches in height and an inch and a half in diameter—is

large enough for this purpose. Such a jar can be conveniently charged
even in damp weather by means of a glazed porcelain tube two feet long
and an inch and a half in diameter, which is to be rubbed with a soft

silk cushion smeared with electrical amalgam. The tube while being
rubbed must be held close against the knob of the little Leyden jar.
When an electrophorus is pretty large and in good condition, and the

weather favourable, it will explode the oxyhydrogen gas by a single spark.
The Oxyhydrogen Blowpipe.

—The explosive mixture of oxygen and

hydrogen gases, when burnt gradually and with suitable precautions at

a small jet, produces an intense degree of heat, possessed of great fusing
power. One of the simplest forms of apparatus for this purpose is

represented in the margin,

%
206.

and known as Hemmings's
Jet. It consists of a brass

tube a, the half of which is

closely packed with very fine

brass. The end so packed
is that nearest to the jet. The perfection or safety of this instrument
consists in the fineness and the close packing of these wires. To render
them quite tight, after as many as possible are driven in, a stout pointed
wire is forced into the middle and acts upon them like a wedge. The
mterstices between the wires aftbrd a passage for the gases, but do not
permit the flame to pass. The reason of this is given in the description
of Davy's Safety-Lamp.
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The gases are first mixed in a Jar and passed thence into a sound

bladder mounted with a bladder-piece and stop-cock, as figured in page

169, and the jet is connected with the stop-cock by means of the

screw b, or the jet may be connected with the gas-bag, fig. 158,
either immediately, or with the intervention of several feet of Indian-

rubber tube. The stop-cock being opened and the gas-bag pressed,
the mixed gas escapes at the orifice c, where it is inflamed. A sec-

tional view of the jet c is given in fig. 191. The ball d of the jet

can be removed and the pipe c screwed into the tube a. This alteration

allows the flame to be sent in different directions. This apparatus is

not perfectly safe. In careless hands the flame may be permitted to

pass back into the bladder, and cause the explosion of the whole mass

of gas. The jet should, on this account, never be used in connection

with a gas-holder formed of soHd materials. The following particulars

should be attended to.

1. The caps must be taken from the cylinder a, and the wires be

examined to see that they remain tightly wedged together.
2. You must not take off the caps and put them on again at the

wrong ends of the cylinder. If you do, the unpacked space then

brought into the forepart of the tube will explode when you hght
the gas, and the flame will probably force its way back into the

receiver.

3. Though, when everything is in good condition, the jet, fig. 206,

may be screwed directly to the bag, fig. 192, and the bag be squeezed
under your arm, it is not prudent to run the risk of an explosion under

such circumstances
;
nor is it necessary to put yourself into danger.

You can use three or four feet of vulcanised caoutchouc tube, and put
the gas-bag under the pressure of a board and weight. The jet may
then be taken in the hand without danger.

Experiments with this Blaiopipe.
— i. A piece of platinum wire or foil

melts in the flame easily. 2. If the flame is directed upon a hole in a

piece of charcoal containing metals, such as iron nails, and other sub-

stances of difficult fusibility in ordinary furnaces, they soon melt. 3.
A

steel watch-spring burns and throws off' brilliant sparks. 4. A piece of

lime or magnesia becomes intensely hot, and shines with a light so

bright as to be insu]iportable to the eye. This constitutes what is

commonly called the Drummond light, which can be conveniently exhi-

bited by the following apparatus.
Drummond Light, or Oxyhydrogen Lime Light.

—
Fig. 207 shows a

safe and elegant form of the oxyhydrogen blowpipe, arranged for exhi-

biting the Drummond light. The letters O and H represent Indian-

rubber tubes which bring the oxygen and hydrogen gases from two

different gas-holders, where pressure is kept constant on the gases, and

the efflux is regulated by the stop-cocks and h. The gases mix i'

he tube a just immediately before being burnt at the jet 6, and tlv



THE OXYHYDROGEN BLOWPIPE. 209

licrht is thrown upon a small cylinder of burnt lime c, supported by
a wire attached to the table t. The lime becomes white hot, small

particles of it sublime into the

flame, and a most intense light is

produced.
The lime can be turned round

and raised up and down by means

of the screw d, and it can be put
closer to, or further from, the jet

6, by means of a screw in the

middle of the table t. The lime

cylinders are formed of well-burnt

lime. They are provided with a

hole in the axis for the wire which

is to support them. As soon as

they are turned, they are packed
with dry hme powder in glass

bottles, each containing one dozen,

and the bottles are sealed with

corks and cement, to prevent the

access of atmospheric air, which

soon spoils them.

The jet h may be made of pla-

tinum, but stout brass is generally

used, and when the apparatus is

to be used as a blowpipe for

fusions, the jet is made in the

form of fig. 191.
As represented by fig. 207, the apparatus is mounted on a stand

suitable for the lecture-table. The joint in the stand permits the de-

pression of the jet 6, so that the flame may be directed upon metals or

other substances placed on a charcoal support.
Tate's Oxyhydrogen Jet.—Mr. Tate has pro-

posed a form of oxyhydrogen blowpipe, which,
if less elegant and convenient than the pre-

ceding, has the advantage of cheapness, and is

free from danger, a, in
fig. 208, represents a

japanned tin-plate cylinder about 6 inches high
and 2 inches wide, fixed on a heavy foot. 6 is a

cork which fits it air-tight, but is not fixed or

cemented into it. c is a tube containing a

number of pieces of fine wire gauze, d is the

blowpipe jet. e is a gas delivery-pipe which

brings the mixed gas from a reservoir where it

is under constant pressure. This tube has a silk 208.

207.
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valve tied over its lower end, and it is fitted into the neck of the

cylinder a by a cork. Between the tube e and the gas-holder there is

a stop-cock to regulate the flow of gas.

When the apparatus is to be used, water is poured into the cylin-

der a so high as to leave about an inch of space between the surface

of the water and the cork h. The gas being then set on, the jet is

lighted at the orifice d, and, if all goes well, the experiments for which

the jet is adapted are then to be performed. If the apparatus is in good
condition, these experiments are not likely to be interrupted by an

explosion. If the pieces of wire gauze placed in the tube c are not

sufficient in number or fine enough in the meshes, the flame may pass
into the space above the water in the cylinder a. An explosion will

then take place, which will force out the cork 5, but cause no other

damage. The apparatus must be put into such a position that the

expelled cork can do no harm to what it strikes. The flame cannot go
backwards to the gas-holder through the pipe e, because of the inter-

vention of the water placed in the cylinder a, and of the valve affixed to

the lower end of the tube e.

Compounds of Oxygen and Hydrogen.

There are three compounds of oxygen and hydrogen ; namely,Water,
Peroxide of Hydrogen, and Ozone.

WATER.

Symbol, HHO ; Equivalent, 1 8 ; Specific gy^avity in the state of Oas, 9 ;

Atomic Measure, 2.

According to the systematic nomenclature, the principles of which

have been explained at page 132, this compound would be called

Hydra hydrate. On the radical theory it is a salt containing two radi-

cals with one atom of oxygen, and is the model of those compounds
which are commonly called protoxides, with which, as I have elsewhere

explained, the sesquioxides should also be brought into harmony,
thus :

—
H,HO = water = hydra hydrate.

Ca,CaO = burnt lime = calca calcate.

Ca,HO = slaked lime = calca hydrate.

Fe,FeO = protoxide of iron = ferrous ferrousate.

Fe,HO = hydrate of do. = ferrous hydrate.

FeCjFecO = sesquioxide of iron = ferric ferricate.

Fec,HO = hydrate of do. = ferric hydrate.

All these compounds are salts formed on the model of water.

Properties of Water.

Water is a liquid of which the most useful properties are universally

known, and properly appreciated. Without it neither vegetable nor
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animal life conld be supported. When pure, it is perfectly transparent,

colourless, tasteless, inodorous, and not liable to change. At 32° of

Fahrenheit's thermometer it freezes, and forms ice. At 212° it boils,

and is converted into steam, in which case it expands from i volume

to 1700. In other words, a pint of water produces 1700 pints of steam.

Water is nearly incompressible. It is composed of 1 6 parts of oxygen
to 2 parts of hydrogen by weight, and it can be decomposed so as to

produce these elements in the same proportions. 1700 cubic inches

of hydrogen gas, and 850 cubic inches of oxygpn gas, combine and pro-
duce 1700 cubic inches of steam, which condense to i cubic inch of

water. It is capable of dissolving many substances, and producing
solutions. It enters into various solid compounds, in the state of com-

bined water, saline water, water of hydration, or water of crystallisation.

Rain water is the purest we see in nature, but even that is never abso-

lutely pure. Spring water has always some mineral impurities, and

sea water still more. It is easily purified by distillation, an operation
which will be described in a subsequent section.

I have given at page 98 the correspondence of the weight and measure

of water according to the English imperial standard.

Solvent Power of Water.

Distilled water is the chemist's universal solvent. It is always used

first, when an unlmown body is submitted to analysis, because it dis-

solves more substances than any other liquor, and with less alteration

of the properties of the things submitted to examination. See page 49.
A liquor supposed to contain something in solution is tried for acids

and alcalies by the processes given at page 31, and for solid matters

generally as follows :
—You put two or three clear drops of the colour-

less liquor on the flat surface of a slip of platinum foil, or, for want
of that, on a slip of window-glass ; you slowly evaporate this liquor to

dryness : if it consists of water alone, nothing will remain after evapora-
tion. If a white film of solid matter remains, it proves that something
exists in the solution. Next, } ou ignite the solid film by holding the

support before the blowpipe flame, or in the flame of a spirit-lamp. If

the film disappears, the substance in solution is of a volatile nature :

if not, it is a fixed substance.

Substances Soluble in Water.

Acids, formed by non-metallic simple
bodies.

Alcalies.

Alcaline Earths.

But Magnesia very little.

Chlorides, 1 Most of them, both neutral

Bromides, j and acid.

Iodides, a few of them.

lodates, most of them.

ChWes, I
^"

«; I^^'"'
^'''^ ^^

Bromates,
» ^^^*^''^'-

Sulphates, many.
Seleniates, many.
Alcaline Salts. All, except a few double

salts.

Sulphurets. Those of the metals of tlse

Alcalies and Alcaline E;irths.
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Substances Insoluble in Water.

IMetals.

Non-Metallic Elements.
But Iodine colours water, though it

requires 7000 parts for solution.

Metallic Acids. Except those of Arsenic

and Chromium, and the slightly-soluble
acids of Vanadium, Molybdenum, and

Osmium.
Metallic Oxides,

p ,1 f The non-alcaline, with the ad-
'

'

\ dition of Magnesia.
Iodides, most of them.

Bromides, 1 . i? r ^.i

Chlorides, I
A few of them.

Subchlorides. Also many other basic salts

of Hydrogen Acids.

Sulphurets,

Seleniurets,

'

All of them, excepting those

of the metals of the Al-

calies and the Alcaline

Earths
;

and the double

Sulphurets and Seleniu-

rets which they produce.

Many neutral and basic

salts of these and other

oxygen acids, where the

bases are earths or metallic

oxides.

Carbonates,

Borates,

Phosphates,

Sulphates,

Sulphites,

Seleniates,

Selenites, J

Salts of the Metallic Acids. Except the

neutral and basic salts of the alcalies.

Colours of Aqueous Solutions.

In some cases the colour of a solution indicates the substance con-

tained in it. The following are examples :
—

Colours. Substances probably present.

Blue,

Green,

Yellow,

Yellow-Red,

Red,

Brown-Yellow,

Brown,

Col(

Copper,

Copper,
Nickel,

Uranium, protosalts.

Chromium.

Neutral Chromates.

Bichromates.

Cobalt,

Manganese,

Iron, persalts.

Uranium, persalts.

Gold,

Molybdenum,
Sulphurets,

Manganese, persalts.

Copper, protochloride,

Sulphurets,

Molybdenum.

Alcalies,

Metals other than the above,

Salts other than the above.

Vanadium.

Iron, protosalts.

Molybdenum.
Manganates.

Permanganates.
Bromine.

Platinum.

Iridium.

Rhodium.
Osmium.

Palladium.
Iridium.

Osmium.

Earths.

Methods of Composing Watee from its Elements.

Synthesis of Water.

It has been already stated, that when oxygen gas and hydrogen g;

in the ratio of one volume of the former and two of the latter, or i

parts by w^eight of the former and 2 parts of the latter, are bun
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together, the product is water. I proceed to show by what experi-
ments this statement is proved to be true.

ExrERiMENT I. To prove that when Hydrogen gas is burnt in the

presence of Oxygen gas, or Oxygen gas in the presence of Hydrogen gas,

the product is Water.—The figure represents a combination of glass

tubes, of which the tube o e g is about lo inches long and f inch

wide, and the tube c o about half an inch in the bore.

A current of hydrogen gas, dried by chloride of calcium in the tube

a, issues from the blowpipe jet b, and is inflamed. The flame should

be about i inch long. The tube, c, must be fixed vertically over the

flame. The tube o e g must be quite dry. The tube / must con-

tain cold water. The diameter of this tube is a little less than that of

the tube in which it is placed. It is fixed in its position by two small

cork wedges, Sitfg, which are cemented or firmly tied to the tube/.
The heat of the flame causes the atmospheric air (consisting, as will

be hereafter shown, of oxygen) and nitrogen to rush into the vertical

tube c. The oxygen of the air combines with the burning hydrogen,
and forms water, which passes, in the state of steam, mixed with

nitrogen and superabundant air, into the bent tube o g. The steam
there comes into contact with the tube /, containing cold water, and is

condensed, while the excess of air and the nitrogen escape into the

atmosphere by the spaces at / g. In half an hour a considerable quan-
tit}'

of water is collected at the knee e.

The method of separating vapours from incondensible gases, by
means of the cold water tube/, can often be advantageously employed
by the practical chemist

; as, for example, when digesting substances in

a flask with aqua regia, alcohol, and other volatile solvents.

The liquid thus produced can be taken from the bent tube, and
examined as to its properties. Thus it can be shown that it is not an
acid nor an alcali ; that it is wholly volatile, and contains no fixed sub-
stances in solution ; that it boils at 212° Fahr., &c. In short, that it is

water.

By the aid of this apparatus it is easy to collect the water that is

produced by the combustion of any substance which contains hydrogen.



214 COMPOUXDS OF OXYGEN AND HYDROGEN.

For example, water can thus be collected over a burning candle, the

flame of an oil-lamp, of a spirit-lamp, or of a jet of coal-gas. All these

descriptions of fuel produce a large quantity of vapour of water during
their combustion.

When such an apparatus as that just described is not at command,
the production of water may be shown by holding over the jet of the

philosophical taper, page 202, a small glass globe with a

wide neck, fig. 210 in the margin. The water condenses

on the inner sides of the globe.
Sir Humphry Davy's Apparatus for burning a jet of

Oxygen Gas in an atmosphere of Hydrogen Gas.—The

object of this experiment was to illustrate Davy's doctrine,

that combustion, or the disengagement of heat and light,

is the effect of combination,—and that, strictly speaking,
^^°*

hydrogen is no more entitled to be considered a com-
bustible than oxygen.

With this apparatus a jet of either of these two gases can be burnt in

an atmosphere of the other. The experiment is performed as follows :
—

The closed tubular vessel is first exhausted at the air-pump. It is

then screwed upon a gas-receiver containmg hydrogen, and is filled with

that gas. It is then screwed upon another gas-
receiver containing oxygen gas, which we will sup-

pose to be the condition that is represented by fig.

211. The brass apparatus contained within the

tubular vessel is fixed to the caps. When the

whole is ready, the stop-cocks are opened and the

gas-receiver is pressed downward into the water of

the pneumatic trough. At the same instant an

electric spark is passed through the tubular vessel

between the stop-cock and the brass knob at its

upper end. This spark inflames the gas at the jet

which is connected with the lower receiver, and in

this manner oxygen will burn in hydrogen or hydro-

gen in oxygen, in both cases producing water.

Experiment 2. To prove that the Gases combine

in the proportion of two volumes of Hydrogen and

ONE volume of Oxygen.
—For this experiment it is

necessary to have a Eudiometer, one form of which

(Volta's Eudiometer) is represented by fig. 212 in

page 215. It is a strong glass tube, closed at

one end, and pierced by two thick platinum wires

melted into the glass, and nearly touching one

another within. It is gi'aduated into any number

of equal parts, such as hundredths of a cubic inch.

It is to be filled with, and inverted in, either mer-
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cury or water. The latter is generally used. A small quantity of

pure oxygen gas is then introduced ;
and the measure of it is accurately

taken by sinking the eudiometer

in the trough till the water within /^T^

and without the tube is at the <

same level. Twice the volume

of pure hydrogen gas is then

added, and measured in the same

way ; or the cpantity of the hy-

drogen gas may be a Httle more

or a little less, the difference

being of no importance provided
the exact measure be known.

The eudiometer is now fixed

firmly in the pneumatic trough e,

as represented in fig. 2 1 3,
and an

electrical spark is passed through
the gaseous mixture by connect-

ing the platinum wires, h and c,

with the outer and inner coating
of a charged Leyden jar, d. See

page 206. An explosion is pro-

duced, and a quantity of gas dis-

appears. If a residue of gas appears, and another spark is sent through
it, no farther explosion is produced. The residual gas, after being care-

fully measured, may be transferred to a small tube, and tried whether it

is oxygen or hydrogen. If the original quantities were precisely two
volumes of hydrogen and one volume of oxygen, there will be no residual

gas. If the hydrogen exceeded two volumes, there will remain an excess

of hydrogen. If the hydrogen was deficient of two volumes there will

remain a corresponding excess of oxygen. This experiment, carefully

performed, shows, beyond a possibility of doubt, that the two gases com-
bine precisely in the indicated proportions of two volumes of hydrogen and
one volume of oxvgen. The water produced in this manner cannot be

easily measured, even when the experiment is performed over mercury.
The intensity of the explosion is such that only a very small quantity
of the gas can be operated upon at once, and as 2550 volumes of the

mixed gases produce only one volume of water (see page 211), all the

water that is produced in one experiment is merely sufficient to damp
the surface of the eudiometer.

There is another and a very interesting and convenient method of

causing the combination of oxygen and hydrogen to take place ; namely,
by means of a eudiometer ball of spongy platinum, or, strictly speaking,
of a mixture of one part of spongy platinum with four parts of c/ay, the

latter being added to prolong and v/eaken the action of the platinum.



216 COMPOUNDS OF OXYGEN AND HYDROGEN.

214. 215.

The ball is mounted on a wire of platinum, which is fastened to a

longer wire of iron. See fig. 214. The mixed gases being ready in

the eudiometer over mercury, the hall is ignited in a spirit-lamp flame

to dry it, and is then, by means of the iron wire,

pushed through the mei-cury till it comes into contact

with the gases, which then combine gradually and

without explosion. The apparatus complete is repre-
sented by fig. 216. This experiment cannot be made
over water.

Volta's eudiometer was much improved by Dr.

Ure, who contrived the syphon eudiometer, which is

represented by fig. 215.
This consists of a U-shaped tube closed at one end,

and having the platinum wires fixed at the closed

end, and having the closed branch graduated. Fill

the eudiometer with water, and then pass into it, with the aid of a

funnel, a mixture of two measures of hydrogen gas and one measure

of oxygen gas. Put in as much as fills about two or

three inches of the closed branch. By means of a

pipette reduce the water in the open branch of the

instrument to the same level as in the closed branch.

You can then read off the quantity of the gas by the

graduation. Wipe the outside of the tube dry, and

grasp it in such a manner that the forefinger of the

left hand touches one of the eudiometer wires and the

thumb firmly closes the mouth of the tube. The disc

of a charged electrophorus is then to be brought

against the other platinum wire, upon which a spark

passes, and the gases are inflamed. The great heat

produced by the explosion expands the gas momen-

tarily, which drives part of the water from the closec

branch into the open branch of the instrument. If toe

much gas is used, part of it is driven over into th<

open branch, and the experiment is spoiled. Otherwise the water onh

is partly driven back. It condenses the air that is left between th<

water and the thumb, and thus prod^;^pes a safety-spring. The appa
ratus is allowed to cool, when the gases, if they were pure, will hav

entirely disappeared, and the wg,ter be found to have risen to the toi

of the tube. But generally a small bubble of air remains, in conse

quence of the impurities of the gases or of the separation of common ai

from the water used to fill the tube.

Cavendish's Eudiometer.—This instrument has acquired a historic

celebrity in consequence of its having been used by Mr. Cavendish ft

the performance of the original experiments w4iich led to the discover

of the actual composition of water. It is represented by fig.
21'

216.
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which I copy from Sir H. Davy's works. It consists of a very-

strong funnel-shaped glass vessel, closed at the lower end by a stop-

cock, and above by a ground-glass stopper secured in its place by metal

bolts. It has two platinum wires like the other

forms of eudiometer, for conveying the electric

spark to fire the gas contained within it.

When an experiment is to be made, the air is

thoroughly exhausted from this vessel by the air-

pump. The vessel is then adapted to a receiver,

which contains an accurate mixture of two measures

of hydrogen gas with one measure of oxygen gas,

both pure and dry, and by opening the stop-cock
the vessel is filled. Usually the eudiometer and

the gas-jar are fitted together with brass connecting

pieces in the manner represented by figure 198.
When the eudiometer is filled with the mixed

gases, the stop-cock is closed, and an electric

spark is sent through the wires. A flash is seen,

and the gases combine and form water, which condenses on the inside

of the eudiometer. The stop-cock is then to be opened, and more of

the mixed gas admitted and exploded, and this operation is to be

repeated two or three times until an evident quantity of water has

been produced in the eudiometer, which, of course, is a product of the

combination of the two gases in the proportion of two measures of

hydrogen to one measure of oxygen. Not more than three successive

explosions can be safely or advantageously made in this

apparatus, because the vapoar which is produced interferes

with the process, and the heat occasioned by the combustions

may break the instrument, which is an expensive one.

MitscherliclLS Eudiometer.— Mitscherlich's eudiometer is

represented by figure 218. It consists of a very strong glass
tube provided with platinum wires, like Volta's eudiometer,

figure 212, and is graduated. It has, however, a stop-cock
like Cavendish's eudiometer : the object of the arrangement
is to permit large quantities of gas to be exploded without

bursting the tube, or permitting any of the gas to escape
when expanded by the heat of the explosion. This instru-

ment is very difficult to make, it being scarcely possible to

anneal the end of it after putting in the wires. The con-

sequence is, that the end of the tube often flies oft'.

Figure 219 represents a mercurial pneumatic trough, as

described by Sir Humphry Davy. It shows, with other

tubes, a eudiometer for detonating mixtures of gases. The
eudiometer is fixed in a frame which is connected with a

spiral spring to secure the tube during the explosion of the

Q

218.



218 COMPOUNDS OF OXYGEN AND HYDPwOGEN.

gases. This kind of machinery is only necessary when the gases are to

be exploded over mercury and in wide tubes. In all ordinary eudi-

ometrical operations, when the gases are exploded over water and in

219.

narrow tubes, the eudiometer can be most conveniently held in the

hand.

Ettling^s Gas Pipette.
—

Figure 220 represents a gas-pipette contrived

by Dr. Ettling for the safe transferal of small quantities of gas from

tall narrow receivers into other vessels for analysis.
This instrument may be made of any dimensions, according to the

pattern exhibited by fig. 220. It will, perhaps, be acceptable to all

chemists who work much with pneumatic apparatus.
It renders large pneumatic troughs unnecessary, and

presents the advantage that any given quantity of a gas
can, by means of it, be taken from a bell-glass or

graduated tube standing within a cylinder, and trans-

ferred to another vessel without its being necessary to

remove the bell-glass from the cylinder for the purpose
of decanting the gas. And this transference can be

effected with the help of very little liquid.
In using the pipette, the cylinder a is first to be

filled with water (or mercury) by dipping the branch c

into the liquid, and sucking at the end d. The point e

is then to be introduced into the tube from which the

gas is to be taken, and by sucking again at the point d
the liquid is removed from the cylinder a into the

cylinder 6, while its place is filled by gas from the

tube. The apparatus is then pressed downwards until

the point e dips into the liquid contained in the large

cylinder (water or mercury), upon which some of the liquid enter-

into the branch c, and prevents the escape of the gas.
The gas is removable from the pipette by blowing into the end (^

and if the orifice at the end e is very small, and the gas is blown O'
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gently, any determinate quantity of it can be thus transferred into an

eudiometer or other vessel.

When the liquid that confines the gas is mercur}'-, it is somewhat
difficult to blow out the gas, in consequence of the weight of the

column of mercury. This difficulty can be lessened by good manage-
ment.

Experiment 3 . To prove that 1 8 parts of Water, hy weighty contain

1 6 parts of Oxygen arid 2 parts of Hydwgen.—This important fact is

satisfactorily proved from the preceding experiment, provided you admit

that the specific gravity of oxygen gas is 16 and that of hydrogen gas
is I ; because in that case

1 volume of oxygen weighs 1 6 grains,

2 volumes of hydrogen weigh i X 2 = 2 grains,

in all = 18 grains.

But the fact can be demonstrated by experiments of a different

character, which consequently afford additional and concurrent evidence.

The substance called black oxide of copper is composed of copper

63
•

5 parts and oxygen 1 6 parts. AVhen this substance is placed at a

high temperature in contact with pure and dry hydrogen gas, the black

oxide is changed into metallic copper, losing weight in the proportion of

16 parts out of every 79* 5 parts ; while, at the same time, a quantity
of pure water is produced, which, when collected and weighed, is found

to be at the rate of 1 8 parts of water for every 1 6 parts lost in weight

by the black oxide of copper. The difference between 1 8 parts of water

and 1 6 parts of oxygen is 2 parts, which of course is the weight of the

hydrogen absorbed in the process. This experiment can be performed
with a great degree of accuracy with the help of the following appa-

ratus :
—a and h represent a flask for preparing hydrogen gas, in the

manner described at page 194. c are bulbs to condense a portion of

Q2
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the aqueous vapour that rises with the gas. c? is a tube containing dry
chloride of calcium for absorbing moisture from the gas. Instead of this

tube any of those described at page 198 may be used, e is a tube of in-

fusible glass with a bulb containing black oxide of copper. ^ is a similar

bulb destined to receive a portion of the water formed in the process.
^ is a chloride of calcium tube to absorb the residue of the water, i is

an open tube through which the excess of hydrogen gas escapes into

the air. The different portions of this apparatus are connected together

by short tubes of Indian-rubber tied on closely. There is a defect in

the figure which it is necessary to mention, namely, the tube e should

project in a long narrow point directly into the centre of the bulb g,

which is necessary in order to prevent a loss of water at the joint

between the two bulbs. The operation is as follows :
—The bulb e is

first weighed empty, and again when half full of well-dried and pure
black oxide of copper. The bulb g is weighed empty, and the chloride

of calcium tube h, with its contents, is also weighed. The connections

are then made with care. Acid is poured down the funnel h, and the

hydrogen gas is allowed to escape freely at the orifice 2. When it has

passed away for some time a light is applied at i, and if the hydrogen

gas burns quietly it may be considered that the atmospheric air is all

expelled from the apparatus and replaced by hydrogen gas. Sufficient

acid is supplied at b to keep up a continuous current of hydrogen gas,

and an argand spirit-lamp or a sufficiently strong gas flame is now

brought under the bulb e. The oxide of copper soon begins to glow,
and suffers decomposition, and water is seen to gather in the bulb g.

When the process is ended, and dry atmospheric air has been sucked

through the apparatus to drive out the hydrogen, the tube e, with its

contents, is again weighed, and the loss of weight or amount of abstracted

oxygen is thus found. The tubes g and h are also weighed, and the

gain of weight on the two shows the quantity of water produced and

condensed in them. Deducting from this the weight of the oxygen losi

by the black oxide of copper, the difference shows the weight of tht

combined hydrogen.
The following apparatus is an elaborate contrivance for performing

this experiment in the most precise manner. A represents the hydrogei

gas bottle
;
B is the wash-bottle for purifying the gas ; C D E ai'

bent tubes containing desiccating substances for drying the gas. Tb

oxide of copper is placed in the receiver F, which is formed of infusibl

glass. This receiver is connected with another receiver, G, in whic

the chief part of the water produced in the experiment is collected. I

is followed by the tube H, which is filled with fragments of pumicf
stone satm-ated with strong sulphuric acid, and which is destined t

collect the last portions of water.

Before the experiment begins, you weigh, with scrupulous care, th

receiver F, clean, dry, and empty. You then weigh it again whe
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charged with oxide of copper previously well dried. The difference of

tlie two weighings shows the quantity of oxide of copper submitted to

action. With like care the receiver G and the filled tube H are to be

weighed, and then the whole apparatus is to be put in connection, as

shown by figure 222.

Some acid is then poured into the flask A, and hydrogen is gene-
rated slowly. When it is found, by the test already pointed out, that

the apparatus is filled with hydrogen gas only, heat is applied to the

receiver F, and steadily continued. The combustion of the hydrogen
and its combination with the oxygen of the oxide of copper immedi-

ately commences. The resulting water trickles down the sides of the

receiver G, and settles within it as a liquid; a little vapour which

escapes is arrested by the sulphuric acid in the tube H, through which
the superfluous gas must pass to reach the open air. The operation
is continued until the oxide of copper is entirely reduced to metallic

copper.
Remove the lamp and allow the apparatus to cool, under continuance

of the current of hydrogen gas. Then separate the apparatus at the

caoutchouc conductor, marked a in figure 2 22. The parts F G and H
are then filled with hydrogen, which must be replaced by dry atmo-

spheric air before the several pieces can be weighed with accuracy.
To effect this replacement the tube /of figure 222 is connected with
the tube s of figure 223. This tube stands in connection with the

upper part of an aspirator, V, which is filled with water. At I there
is a tube filled with pumice-stone and sulphuric acid, which prevents
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the passing back of vapour from the aspirator V into the tube H, which
would cause an error in the weight of the water. You open the stop-
cock r, the water escapes, and is replaced first by the hydrogen gas of the

vessels E, F, G, H, and then by the at-

mospheric air, which enters at a, is dried

in the desiccating tube E, and then passes

through the entire apparatus and expels
the hydrogen gas. The regularity of the

flow of water depends upon the dip of the

tube below the surface of the water in the

aspirator V.
You weigh separately the receiver F

and the receiver G with the tube H. The
difference between the weight of the re-

ceiver F containing the oxide of copper
before the experiment, and that of the same

receiver containing the reduced copper,

gives the weight of the oxygen which has

been converted into water. The augment-
ation in weight of the receiver G and the

tube H gives the weight of the water pro-
duced. The most precise experiments made on this plan show that

lOO parts of water consist, by weight, of

Hydrogen . . 1 1
•

1 1

Oxygen . . . 88-89

223.

100 • 00
which is equal to oxygen 16 plus hydrogen 2, or H,HO.
As the synthesis of water, conducted on the above plan, occupies

much time, it is not adapted to be shown at a lecture. But the inte-

#

224.

resting experiment of the production of water, by passing dry hydrogen
gas over dry black oxide of copper, can be easily shown at a lecture by
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means of the following modification of the apparatus, a, figure 224, is

the hard glass bulb tube containing the oxide of copper. The end of

this modified tube is bent downwards and cut aslant to allow the water
to ran easily out of it,

and it is connected by a cork, c?, to the bent tube

c e g^ which is fitted with a cold water condensing tube, /, in the

manner described in page 213. The dry hydrogen gas is passed in the

direction indicated by the arrows, and a considerable proportion of the

water produced collects at the bend e
; but since a little of the water

escapes in company with the excess of hydrogen gas at the opening/^,
there can be no conclusions drawn from this experiment as to the weight
of the water produced.

Analysis of Water.

IMethods of Decomposing Water into its Elements.

We have examined several methods of composing water by com-

bining its two elements. Let us now examine the means by which we
can analyse water, or separate its elements from one another.

Decomposition of Water hy the Alcaline Metals.—The interesting experi-
ment described at section g^ page 196, affords an example of the analysis
of water by an operation which is of easy performance, so as to give
results approaching to truth, but which is difficult of very accurate per-
formance. We can, however, approach to a quantitive result, and as

the experiment is of a direct and decisive kind it demands our care.

The quantity of the hydrogen gas produced in the experiment can be esti-

mated by using a tube so graduated as to show the weight of the gas.
A tube I inch wide and 1 2 inches long will contain -jV grain of hydro-
gen gas, readily divisible into 100 degrees. To fill that tube with

hydrogen gas will require -^ atom of metal, namely, 3*9 grains of

potassium, or 2*3 grains of sodium. There are two methods of esti-

mating the amount of the metal, ist method. Weigh a bead of about
the required size in a small bottle containing naphtha, and weigh with it

a pointed iron wire and a piece of blotting-paper. When the gas-tube
is filled with mercury and a little water, and is inverted in the trough,
remove the metal from the naphtha by the iron wire, wipe it quickly on
the blotting-paper, and put it into the inverted gas-tube. Again weigh
the bottle with the naphtha, wire, and blotting-paper, and determine
the weight of the metal from the diflference or loss. The weights of the

hydrogen and of the metal being thus approximately determined, they
may be compared with the following equations :

—
For Potassium :

HH O + K = K H O -f- H.
I I 16 4-39 = 391 16 -f I.
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For Sodium :

HH O + Na = Na H O + H.
I I i6 + 23 = 23 I 16 + I.

The result cannot be very accurate, because the gas is saturated with

moisture, and will differ in measure according to the temperature, baro-

metric pressure, &c.

Instead of weighing the alcaline metal, its quantity may be found by
a subsequent analysis of the alcaline solution produced in the tube.

The solution of potash or soda is conveyed into a glass jar, the

whole of it being carefully w^ashed from the graduated tube with dis-

tilled water. The amount of potash contained in it is then determined

by the alcalimetrical process of adding test acid from a centigrade alca-

limeter. The composition of these alcalies being known, it is easy to

compare the weight of the hydrogen set free with the weight of the

oxygen and hydrogen combined with the potassium or sodium to form

that quantity of potash or soda which the test acid detects in the solution.

Caustic Potash contains—

H = I

= 16

56

Caustic Soda contains-

Na =
23

H = I

O = 16

40
Galvanic Decomposition of Water.—The apparatus figured in the

margin represents a bottle of the capacity of six or eight ounces of

water, containing a pair of parallel metallic

plates communicating with two external wires,

and a gas-leading tube passing through the

cork and communicating with a small pneu-
matic trough, where T is a graduated gas

^

'"^ ^mj tube, and B a beehive shelf to support it.

The plates within the bottle act best when

made of platinum, in which case the liquor

j)ut into the bottle is water acidulated with

sulphuric acid to make it a conductor of

electricity. But as this metal is expensive,

the plates may be made of iron, and the

liquor must then be rendered a conductor by the addition of a little

caustic potash. The wires may be either of platinum or copper. The

binding screws C, Z, are of brass. The apparatus being prepared,

and the galvanic battery in action, the wire, C, is fastened to the wire

proceeding from the copper end of the battery, and the wire, Z, is

similarly attached to the wire proceeding from the zinc end of the

battery. The ends of all the wires before being put into the binding

screws must be cleaned bright with scouring paper. If the battery is
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powerful enough, the current of electricity that now passes through the

bottle will decompose the water into the explosive mixture of two

volumes of hydrogen gas and one volume of oxygen gas, which will

pass into the gas tube, T, and may be analysed or examined. If col-

lected in small strong tubes of 3 by -f- inches, the gaseous mixture may
be safely exploded by lifting the tube from the water and presenting

its mouth to a candle. See page 206.

When the battery which is to be used is of considerable power, say

six jars of Bunsen's coke battery, of one quart size, then the decom-

posing apparatus may have the form re-

presented by figure 226. In this ap-

paratus, <2 is a glass jar of about three

inches in diameter, and twelve inches in

height, on a foot. It contains two

cylinders of sheet iron, roughened with

punched holes, and separated from one

another by rods of wood or glass. They
are connected respectively by wires to

the binding screws b and c, which are

connected with the two extremes of the

galvanic battery. The jar is filled with

a solution of caustic potash. The tube

d conveys away the mixed gases pro-
duced by the decomposition of the water.

If the battery is of the size above men-

tioned, this apparatus yields a rapid
current of gas. In con-

structing this apparatus, the

two wires which join the

iron plates to the binding
screws, 6, c, and also the

tube
c?, may be passed

through a cork which accu- ''

rately fits the mouth of the jar, a. But a better method of adjustment
is to use a caoutchouc cap with three necks, figure 227, the wide part
of which is tied round the neck of the jar, and the three necks re-

spectively tied round the wires and the delivery tube.

Method of conducting this Experiment so as to deliver the Oxygen
GdS and Hydrogen Gas in separate vessels.—Instead of the apparatus
described above, it is necessary to use two tubes, having a plate of

metiU in each, as represented by figure 228 in page 226, where is

the tube for collecting the oxygen gas ; h, the tube for collecting the

hydrogen gas ; a, a bent tube containing acidulated water ;
and p, J9,

the

two platinum plates terminated exteriorly by rings, into which the

connecting wires from the galvanic battery are hooked. The tubes,

226.
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0, and h, should be graduated, to show the respective quantities of the

two gases released by this experiment. This form of apparatus is

difficult of construction, and may be re-

placed by the following, which is very

easily put together and convenient in

use, though not so effective as the fore-

going. O, H, are two glass tubes, open
at the lower end, and closed above by
corks, through which pass copper wires

soldered below to slips of thin platinum
foil, which may be six inches long by
one inch diameter, or any other size to

fit the tubes. The latter are filled with

acidulated water, and placed in a small

china pan containing the same liquor.

The other ends of the copper wires are

then connected by the binding screws,
to the copper and zinc ends of the galvanic battery. After some

I:

V

o
p

6
P

22b.

c, z.

time, more or less considerable according to the strength of the galvanic

battery, the water in the apparatus is de-

composed, and the oxygen gas and hy-

"^
J

3^ \ r drogen gas are collected in the two tubes,

^ '
'

tf without any admixture of the gases the

one with the other. In proportion, the

gases collected are two volumes of hydrogen
to rather less than one volume of oxygen.
The reason of the deficiency in the quantity
of the oxygen gas is commonly said to be,

that oxygen gas is more soluble in water

than hydrogen gas. I am, however, ol

opinion, that in this analysis of water, a

quantity of peroxide of hydrogen is

usually produced, which is to a certain

degree rendered stable in consequence oi

the presence of the sulphuric acid, and thu^

occasions a deficiency of free oxygen.

Buff's Voltameter.—The apparatus repre-

sented by figure 230 is very well adapted
for the decomposition of water before f

class when large battery power is used. Il

is contained in a glass jar about sixteec

inches high and four inches in diameter

and h are two very narrow bell receivers,

formed of glass tubes, connected above bv

230. means of stop-cocks, or of caoutchouc tubet
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and pinchcocks, with the gas tubes a and 6, through which the oxygen
and hydrogen gases can be separately conveyed into any desired

vessels, c and d represent very narrow bent glass tubes, the lower

parts of which are filled with mercury. Into the short branch of each

of these tubes is plunged the end of a cylinder of platinum, which rises

thence into the bell tubes o and A. Down the long branches of these

narrow tubes are plunged, till they reach the mercury, copper wires con-

nected with two binding screws, and thereby with the two poles of the

galvanic battery. The jar is filled with acidulated water. The parts
of the apparatus are held together by a cover or top-piece, composed
of wood and cork, which keeps the respective pieces of the apparatus
in their proper relative positions. From this apparatus, either oxygen
or hydrogen gas is readily obtainable.

Figure 231, and letter B of figure 236, repre-
sent two other forms of voltameter for collecting

separately the two gases produced by the gal-
vanic decomposition of water.

Management of the Apparatus, figure 231.
—

Fill the tubes a and h with water slightly acidu-

lated with sulphuric acid. Place two fingers
over the open ends, and invert the tubes into the

glass vessel c, also nearly filled with the same

hquid. Take care to place the tubes in such a

position, that each shall cover one of the upright
pieces of platinum that are fixed in the bottom
of the glass, and that the pieces of platinum do
not touch each other. Fix the terminal wires
of the galvanic battery to the binding screws,
d, e, placed in the wooden foot of the apparatus.

Ox\^gen gas will then be evolved in one tube,
and hydrogen in the other, displacing the water.
If only one glass tube is used, and that is placed
over both the platinum plates, but so as to pre-
vent their touching one another, the oxygen and

hydrogen will then be collected together, consti-

tuting the explosive gas mixture.

Preparation hy Voltaic Action of Pure Hydrogen Gas for Eudio-
'mtrical researches.—Hydrogen gas prepared with zinc in the usual
method is too impure for analytical researches on other gases. The best

way to prepare pure hydrogen is by the action of the galvanic battery,
with which the gas-bottle represented by figure 232 may be used.
This consists of a common gas-bottle, mounted as follows :

—a is

a stout wire of platinum, sealed into a hole drilled in the flask near to
the bottom. The wire is covered in the bottle by a bed of amalgam
of zinc, 6, prepared with pure materials. The flask is filled to within

231.
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232.

an inch of the cork with perfectly pure dikited sulphuric acid, c is

a narrow slip of platinum plate, suspended by a platinum wire, d,

which passes through the cork,

with which the bottle is closed air

tight. The plate c must come near

to, but not touch, the amalgam, h.

A gas delivery tube passes also

through the cork, and is adapted
to a tube filled with chloride of

calcium, e, to dry the hydrogen
when it is required dry.

Vv'^hen this apparatus is to be

used, the galvanic battery of two
or three jars is put into connection

with the wires, d and a, of the gas-

bottle, the positive pole in connec-

tion with a, and the negative pole
with d. The gas immediately be-

gins to rise from the platinum plate
c. It should be allowed to escape freely for half-an-hour, in order to carry
off the atmospheric air of the gas-bottle. It then goes over in a state

of purity.

Decomposition of Alcaline Salts hy Galvanic Action.—This pleasing
and instructive experiment, having some relation to the foregoing, may

be described here. The V'tube is filled with

a weak solution of sulphate of soda, coloured

by blue cabbage liquor. A plate of copper
foil soldered to a copper wire is inserted at

each end, and connected by the binding screws,

C and Z, with the galvanic battery. The

sulphate of soda is soon decomposed ;
the

soda being disengaged at one end of the

V-tube, where it colours the cabbage liquor

green, and the sulphuric acid being set free at

the other end of the tube, colouring the liquor red
;
the central portioc

of the liquor retaining its blue colour. By attaching the wires at

C, Z, to the contrary poles of the battery, the changes of colour ma}

be reversed.

The Galvanic Battery.

The decomposition of water, and chemical decon]positions generally

require a galvanic battery consisting of a considerable number of cells

The experiments described in the preceding pages can be made witi

Smee's or Bunsen*s battery, consisting either of six large cells or tei

small cells. Smee's is the more convenient kind of battery for uS'

233.
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in a class-room, or a dwelling-house, but Bunsen*s is the more powerful.
Grove's battery is more powerful than either of these, and it is less

troublesome than Bunsen's battery, but it is too expensive for common
use.

Bunsen's Charcoal Battery.—Figs. 234, 235, represent two
varieties of Bunsen's Charcoal Battery. Of these, fig. 234 represents

234. 235-

the one which has most power when freshly put in action, but
fig.

235 the one which has the most sustained action.

Description of fig. 234. a, is a glass jar to hold the exciting solu-

tion; 6, a cylinder of zinc open at both ends; c, a porous earthen pot ;

dy a rectangular block of coke
; e, a binding-screw attached by a brass

collar to the coke
; /", a slip of copper soldered to the zinc cylinder.

Description of fig. 235. a, is the solution-glass ; &, a pot or cylinder
of coke with a solid bottom ; c, a porous earthen pot ; c?, a bar of zinc

cast with four deep longitudinal grooves, giving its cross-section the
form of a cross (-}-), and serving to increase its surface; e, is a binding-
screw attached to the zinc ; /, is a binding-screw attached to a slip of

copper, which is fastened by a brass collar securely to the coke cylinder l\,

The cokes or charcoals required for these batteries are the subject of a

special manufacture. The slips of copper,//, are made flexible in order
that they may be easily bent to connect the pairs with one another.

Dimensions of these Batteries.—Fig. 234. Glass cylinder a, 6 inches

higti» 4^ inches diameter. Zinc cylinder 6, 6 inches high, 2f inches
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diameter; substance about ^ inch. Porous pot, c, ^^ inches high,
2 inches wide. Coke block, d, 6 inches long, 2 inches wide, |- inch

thick.

Fig. 235. Glass cylinder, a, 6^ inches high, 4 inches diameter.

Coke cylinder, b, 6^ inches high, 3 J inches diameter; substance i inch.

Porous pot, c, 6 inches high, 2 inches diameter. Zinc block, d^ -7
inches

long, i^ inch across.

Small size of battery, fig. 235. Glass cylinder, 4 inches by 4
inches. Coke cylinder, /^^ inches high, 3 inches diameter

; -§-
inch sub-

stance. Porous pot, 4 inches high, li inches diameter. Zinc block,

4 inches high, i^ inches diameter.

Exciting Solutions for the Coke Battery.
—When fig. 234 is used,

the porous earthen pot, c, is to be filled with the strongest nitric acid,

and the glass cylinder, a, with diluted sulphuric acid, which, for ordi-

nary experiments, may consist of 10 parts of water with i part of oil

of vitriol. If powerful action is required the quantity of water may be

diminished to 7 or 8 parts.
When fig. 235 is used, the nitric acid is to be put into the glass

jar, a, and the diluted sulphuric acid into the earthen pot, c. As this

form of apparatus is generally employed when a more moderate and

continuous action is required, the nitric acid need not be so concentrated

as when it is to be used in the apparatus fig. 234.
The diluted sulphuric acid must be suffered to become quite cold

before it is put into the cells. The acid contained in the glass jar a

and the porous pot c must in all cases be at the same level. It is

necessary, therefore, to ascertain by previous measurement with water

how much liquid requires to be put into the porous pot and the glass

jar respectively to pioduce the required level. When a powerful effect

is required, the batteries should not be charged with acid till the time is

come to make the experiment. The operator should then know

exactly how much by measure he has to put into each vessel. When

people are waiting to see the experiments performed, it is not then the

time to gauge the vessels, or prepare the proper quantity of acid.

All the pieces of metal about the battery should be perfectly clean,

and where metallic surfaces are to be brought into contact for con-

nection, such as the ends of wires, points of binding-screws, &c., the\

must be bright and free from oxide. The brass collar attached to tl

coke must be firmly screwed to it. Sand-paper or a file can be used u

clean the metal surfaces. When several jars are used, the slip,/, of each

jar is connected with the screw, e, of the next jar ; finally there will be

one free slip, /, and one free screw, e, to connect with the two wires

of the apparatus through which the galvanic current is to be passed:
such as 5 c in fig. 226 and c dm fig. 230.

The decomposition of the nitric acid, which occurs during the actior

of this battery, gives rise to a disengagement of abundant vapours 0:
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nitrous acid, which render it indispensable to put the battery either out

of the room in which the experiments are to be made, or into such a

position that a draught of air can carry off the vapours. Copper wires

covered with cotton can be brought from the battery to the* spot where

the experiments are to be made. These wires can sometimes be

brought with convenience through two holes bored in the wooden

frame of a window, and lined with bits of glass tube.

Professor Frick suggests a remedy against the odour of the nitrous

acid which, to me, would be something worse than the disease, but

which some of my readers may not so strongly disapprove of. His

antidote is tobacco. When you make experiments with Bunsen's bat-

tery, you are to smoke a cigar.

When the expeiiments are completed, the battery should be dis-

mounted as soon as possible. The cokes should be put into a small

quantity of water to extract the nitric acid with which they are saturated,

and which, in a diluted state, may be useful for some purposes. The
cokes should then be washed repeatedly in large quantities of water, to

take out all the nitric acid, otherwise they will continue to give off

nitrous acid for weeks afterwards, and damage all metallic apparatus

exposed in their neighbourhood. The brasses, also, should be discon-

nected, and well cleaned from the nitric acid. The necessity of

attending to these particulars causes some trouble, and the waste of nitric

acid is considerable. These are drawbacks to the use of this powerful

battery. In Grove's battery, plates of platinum are used instead of

blocks or cylinders of coke, and as these do not absorb the nitric acid,

there is far less trouble with Grove's than with Bunsen's battery.
When a battery is required very frequently, and for short operation^,

the cell, figure 235, possesses some advantages over that shown in

igure 234. The porous pot, c, can be readily taken out, and the action

^f the coke upon the nitric acid then ceases. The coke can be left in

:he acid till the battery is required again. The loss of acid occasioned

jy washing the coke is thus avoided. Clean and dry cokes have greater
)Ower than such as have been for some time immersed in the acid ;

but
-hat activity soon settles down to the normal power.
When a long continued and regular though feeble power is required,

he Bunsen's battery may be charged both in the glass jar and the porous
)0t with water containing -J^- or gV ^^ its volume of sulphuric acid. In

hat state it will give a pretty uniform current of electricity for an entire

nonth.

The Porous Pots.—They must be thoroughly porous, but free from
racks. When filled with water they should, after a minute, be

horoughly wet on the outside. They must not let water run down in

stream, or even in drops. If they contain holes or cracks, the nitric

cid passes through and attacks the zinc. The visible sign of this is

hat the zinc looks black. Such a pot must be rejected. Alter an
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experiment, the porous pots should be removed from the battery, be

thoroughly washed, and then be soaked in water for 24 hours
; otherwise,

sulphate of zinc remains in them, and becoming crystalline, renders the

pots brittle and useless.

It is essential for the good w^orking of a battery that the zinc and

coke should not be placed too far asunder. The porous pot must there-

fore be thin, and there must be but little space left between the pot and

the zinc on one side, and between the pot and the coke on the other side.

Amalgamation of the Zincs.—By amalgamating the zincs of a
batter)'

we destroy local action arising from the presence of impurities in the

metal. The power of the battery is increased, and the zincs are ren-

dered more durable, and therefore less costly. To amalgamate th(

zincs, take in a capsule a mixture of equal parts of water and muriatic

or sulphuric acid, and add a little mercury. With a brush or a rag .

tied to a stick rub the acid and mercury over the zinc until a coating

of silver-looking amalgam covers the surface of the metal. Old zinc;

should be now and then revived by this operation. The mercury whicl

has thus been brought into contact with zinc must be reserved for tha

purpose, being no longer pure.
Smee's Battery.—Fig. 236 represents a set of six cells of Smee'

battery, arranged in a single case, and attached to rackwork, by whicl

the plates can be simultaneously sunk into the acid cells, or raised

of them, more or less, according to the power demanded for ai

particular experiment.
Each cell of Smee's battery contains a plate of platinised silv

arranged between two plates of amalgamated zinc. By platinised silv

is meant a thin sheet of silver upon the surface of which pulverule

platinum is closely deposited in such a manner as to give it a certa



smee's battery. 233

degi'ee of roughness. The two zinc plates and the plate of platinised

silver are attached to a piece of wood so formed as to receive two

binding-screws, one of which is connected with the platinised silver and

che other with the zinc. Fig. 237 represents a single cell of Smee's

battery, a is the binding-screw that is connected with the

pair of zinc plates ;
h the binding-screw connected with the ^J^-^^

platinised silver
;
c is the block of wood which holds the

whole together ;
d a glass or china jar to contain the acid ;

e e the two zinc plates having the platinised silver between

them.

The exciting liquor for this battery is water mixed with

from one-seventh to one-tenth of its measure of sulphuric
acid. The stronger the liquor the more rapid is its dissolv-

ing action on the zincs. The liquor with -^ acid is suffi- 237.

ciently strong for most purposes. No other acid is to be

idded. The zincs must be amalgamated and the brass-work must be

kept perfectly clean.

The rack-work attached to the apparatus (fig. 236) serves to lift the

kvhole of the plates out of the acid cells and to keep them suspended in

mch a position that they can at any time be lowered into the acid when

•equired for an experiment. When only a small power is required, the

jiates are suffered to dip, only a little way into the acid. When the

ull power of the battery is required they are let down to the bottom.

vVhen the experiment is finished they are immediately wound up out of

he acid, to prevent useless expenditure of acid and zinc.

The battery, fig. 236, is commonly provided with two sets of copper

onnecting-bands. One set consists of a single pair of long bands,
vhich extend the whole length of the battery : to one of these

)ands all the zincs can be attached and to the other all the platinised
. ilyers. This arrangement is used for certain experiments which demand
;•

he greatest quantity of electricity, but not the greatest intensity. The
! ther set of connecting-bands consists of six pieces shaped something like

\
ae letter s. By these the binding-screws connected with the zincs and the

;i ilver plates are connected alternately from one end of the battery to the

?* ther, so that the plates come in the order of zinc, silver, zinc, silver, &c.
= 'his arrangement is necessary when chemical decompositions and other

;. henomena requiring intensity of electricity are to be produced by the
>

attery ; and, indeed, this is the arrangement best suited for most gal-
*- anic experiments of an elementary nature.

'^^

As Smee's battery gives off" only hydrogen gas when in work, it is

i )t so disagreeable a companion in a close room as Bunsen's battery

I
ith its constant discharge of nitrous acid.

"r The power of the arrangement represented by fig. 236 is sufficient

?
'

yield one cubic inch of the mixed gases per minute. It will heat to

dness four inches of fine platinum wire, fuse iron wire with facihty,
R
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and enable a sufficiently strong electro-magnet to lift many hundred

weight. This power, however, is much inferior to that possessed by six

pots of the coke battery, represented by fig. 234.
The apparatus represented by letter B, in

fig. 236, is a voltameter,
and has been referred to at page 227.

Theory of the Galvanic Decomposition of Water.—When water that

is perfectly pure is put into a vessel of pure gold, placed in a vacuum,
and submitted to the action of a very powerful galvanic battery, it

shows scarcely any signs of decomposition ;
and there is a probability

that, if it were possible to apply the galvanic current to water perfectly

pure and effectually separated from the action of extraneous bodies,

there would be no decomposition effected at all. Hence we are led to

ask, whetiier the decomposition of water by galvanic action, which, as

commonly practised, appears to be so easy and certain, is not a mere

secondary effect, depending upon the reactions on the water of the

chemicals which are galvanised in connection with it? Such I believe

to be the case. The addition of sulphuric acid, of caustic potash, and

of other salts, to the water which is to be decomposed, is usually said to

be for the purpose of improving the conducting power of the water ;

but I think it ought to be said to be for the purpose of supplying the

subjects upon which the primary action of the galvanic power is to be

exercised. Thus, supposing the decomposing action to take place

upon hydrated sulphuric acid, we may conceive it to occur as is repre-
sented in the following short series of atoms :

—
Before the current is passed.

HSO*
-

pole HSO-^

HSO^
HSO*

HSO^
HSO"
HH

4- pole

After the current is passed.

H
pole H

SO^ H
SO^ H SO- H

SO^
so^
HH O

-|- pole

In this manner a multitude of particles of hydrated acid lying between

the two poles of the battery may be decomposed and recomposed, and

yet the only result appears to be the decomposition of a single atom of

water. The evidence that this view of the question is correct is found

in the fact, that if a break is made in such a series of atoms, and the

products of the electrolysis are examined at the break, the quantity of

decomposition which is there manifested coincides with that which

appears at the ends of the chain. Hence the quantity of oxygen and

hydrogen which is given off at the two poles are a token of the acting

power of the galvanic current and of the work which it is doing upon
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all the atoms which form the chain between its + pole and its

—
pole. Accordingly, the separation of one volume or one atom of

oxygen at the positive pole is an indication of the separation of two

volumes of hydrogen
—two radicals—at the negative pole. These two

radicals indicate also the amount of the galvanic action operating at any

point in the series, namely, an action such as will separate two hasic radi-

cals from two acid radicals. I speak of radicals^ and not of atoms,

because experiment proves that the decomposing action acts upon
radicals as radicals, without reference to their weight as atoms. Thus
the same amount of acting galvanic power separates from salts quan-
tities of basylous and basylic radicals which are equivalent to the weights
of tliese radicals respectively, and not such as correspond with a single

atomic weight when both radicals indicate one metal. Hence, for
one volume of oxygen set free in the voltameter, we find that, in the

pCelis,

Stannous chloride =
^SnCl)* gives Sn* weighing 1 1 8,

Stannic chloride =
(SncCl)" gives Snc' weighing 59.

And corresponding, when the current from the voltameter goes first

through cupric sulphate and then through cuprous chloride, twice as

much copper is deposited in the latter as in the former,

Cupric sulphate = (CucSO*)' gives Cue* weighing 64.

Cuprous chloride = (CuCl)* gives Cu* weighing 128.

These relations, which have been established by the recent experi-
ments of Professor Magnus of Berlin, appear to me to prove decisively
the perfect correspondence of chemical radicals with galvanic equiva-
lents, while they also justify the assumption that the quantit}'' of hydro-

gen in water is the equivalent of two radicals, and consequently is two
radicals. If we take an atom of water as the measure of galvanic

power, we find for every volume of oxygen or two volumes of hydrogen
set free in the voltameter, a simultaneous decomposition of two salts,

each containing two radicals
;

it being, at the same time, of no import-
ance whatever, whether the salts be oxidised or not oxidised, or whether
the radicals be basylous or basylic.

If, on the contrary, we take as the measurer of the galvanic power a

substance which is undoubtedly constituted of two radicals only, then
the decomposition which is found to occur simultaneously is restricted in

amount to one equivalent of the salt that is subjected to examination.

Thus, when fused chloride of lead forms the voltameter, for every
atom of lead which is deposited in the voltameter there is decomposed
in the cells one atom of sulphate of soda, or one atom of chloride of
sodium :

—
Pb -I- CI = Na -{- SO* = Na 4. CI.

Consequently, an atom of chloride of lead = PbCl is the equivalent
r2
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of one salt containing two radicals, while an atom of water = H,HO is

the equivalent of two salts each containing two radicals. These facts

are important as respects the question whether water should be held to

contain one atom of hydrogen or two atoms. The evidence in favour

of the latter opinion is almost equal to demonstration. They are also

important in showing that radicals are equivalent to one another as

decidedly in a voltaic sense as in a purely chemical sense, thus :
—

Sn = Snc and Cu = Cue; | j

whereas, the experiments which prove that the same electric current -

can sometimes liberate Ii8 parts of tin and sometimes only 59 parts,

sometimes 128 parts of copper and sometimes only 64 parts, cannot be

held to prove the truth of the doctrine set forth by Dr. Faraday, that
" electro-chemical equivalents coincide, and are the same with ordinary
chemical equivalents." That doctrine is no longer in accordance

with established facts, and, unless the Radical Theory be adopted,
the relations between chemistry and galvanism are become utterly
discordant.

This subject is discussed at length in my work on the *' Radical

Theory." See the chapter on "The Evidence of Electrolysis in favour

of the Radical Theory," page 547.
I have assumed in the preceding explanations that when aqueous

solutions are decomposed, the gases that are given oflf are in the pro-

portion of two volumes of hydrogen to one volume of oxygen. That

is what is generally observed. But in certain cases, depending upon
the kind of salt that is submitted to electrolysis, and upon the con-

centration of the solution, there is found to be a deficiency in the

quantity of oxygen. The reason of this deficiency is, that part of the

water escapes complete decomposition. H,HO is converted into H
and HO. The latter is the peroxide of hydrogen. This sometimes

remains in the solution about the pole where the oxygen is disengaged,

being rendered somewhat stable by the acid present in the liquor, and

sometimes combines with more oxygen, and forms ozone = HO^, which

diffuses itself in the liberated oxygen, and gives to it the odour and the

other properties of ozonised oxygen. According to Dr. Andrews, the

development of ozone occurs in the highest degree during the electro-

lysis of a mixture of equal measures of water and oil of vitriol.

Purification of Water.

It being impossible to make any progress in analytical chemistry, or

in any exact chemical experiment, without the use of pure water, I
j

shall describe several methods of performing the operation of Distillation ,
\

by which common water is rendered pure. Figure 238 shows very

clearly the nature of the process of distillation, a, is a small glass

retort containing water that is made to boil by the flame of a spirit
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lamp, c 6, is a bent glass tube open at both ends and serving as a

receiver. To prevent the latter from becoming warm, in which case

the steam would escape uncondensed
at the upper end, cold water, or a

rag wetted with cold water, is ap-

plied outside the tube 6, or a cold

water condensing tube is inserted into

b, in the manner explained at page
213. In either case pure water soon

condenses at the bend c.

When the impurities contained in

water submitted to distillation are

more volatile than water, they go
over with the first portion of water

distilled, which ought therefore to be
thrown away. When they are less

volatile than water, they remain in

the retort after the water has dis-

tilled over. Commonly, therefore,
the middle portion of the water dis-

tilled is the purest. The distillation ought never to be continued to

diyness. When a water contains muriate of magnesia, it must be
mixed with lime before distillation, otherwise the distilled water will
contain muriatic acid. When carbonate of ammonia is present in an

impure water, a little sulphuric acid must be added, otherwise ammonia
distils over with the water.

The next figure represents an apparatus for distilling water in quan-
tities for use;

—S is a tinplate still of the capacity of 2 quarts,/ is a

238.

funnel that reaches nearly to the bottom of the still, p, c, a, e, is a block-

tin pipe with joints at x and x and between a and e. The joint at

X between p and c is not essential. A is a japanned case of zinc or

tinplate in which the tube a, a, is soldered air-tight. This case is kept

always full of cold water, the water being run in continuously by the

funnel A, and as continuously run off in a warm state by the waste

pipe c.
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The cold water is supplied from a bottle, figure 240, so placed that

the water from the cock c runs immediately
into the funnel h, A pail is placed to

receive the warm water that runs from the

waste pipe c.—The still S is placed over a

common kitchen or parlour fire, in order to

obtain heat economically. The condenser

A must be supported by a stool, or a pile

of bricks. When the water boils down
below the end of the funnel /, steam issues

from the funnel and gives notice that more

water is required; but the still should

never be more than half full, lest the im-

pure water should boil over.—The distilled

water escapes by the bent pipe 0, where a

bottle is placed to receive it. With this still, 4 quarts of distilled

water can be prepared in 3 hours. At the end of the operation, all the

vessels should be immediately emptied, the still washed out, and the

whole be dried. This still should never be used for anything but the

distillation of water.

A still of this form is often made with a loose head, to afford the

opportunity of cleaning it inside. When the still is used to distil any
other liquid than water, it is indispensable to have a loose head, other-

wise the operator would never be sure of procuring pure water, even

by distillation. See the description of figure 242.
The apparatus, represented by figure 241 is a much older form of

distilling apparatus, and is still greatly in use
; being no doubt recom-

240,

241.

mended by its antiquity. It consists of a still and worm tub. The
distilled water escapes by a pipe which is not shown in the cut.

This kind of apparatus is often made of such relative proportions
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that the still packs into the worm tub for the sake of portability in

travelling. This form of distilling apparatus is commonly used by

travelling photographers. A defect it has is, that you cannot clean

the inside either of the still or the condenser.

The following apparatus is more powerful than the foregoing, and

apphcable, not only to the distillation of water, but to that of alcohol

and all kinds of volatile oils. It presents the great advantage over

many forms of distilling apparatus, that every part of the interior of it

can be readily got at for the purpose of thorough cleaning. The still S .

has nearly the same shape as that described above. It has, however, a

moveable head, which can be fastened on by 4 screw-nuts, a washer of

many folds of filtering paper being placed on a broad flange between

the head and the still. There is also a moveable pierced false bottom,
which is only used in the distillation of volatile oils, the use of it being
to prevent rose leaves, &c., from touching the bottom of the still, to

sodden in the water, or to suffer from burning. The heat is afforded

by a portable furnace fed with charcoal. An iron jacket is put upon
the furnace round the still, to prevent the loss of heat by radiation.

The carbonic acid of the fire escapes by a large hole in the upper part
of this jacket.

The condenser consists of a hollow cylindrical body, the two con-

centric walls of which form a space that is kept continually full of cold

water. This is supplied from a water bottle by the funnel, F, and the

warm water flows away by the waste pipe, P, The head of the
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condenser is separate from the body, and fastened on by screw-nuts in

the same manner as the head of the still. The steam passes from the

still directly into the cavity, C, of the condenser, where it is in contact

with the cold water of the circular cistern, close against which it Ls

])ressed by the solid block, B, which allows only i inch of space all

round for the steam to pass by; and as the steam comes here into

contact with the coldest water issuing continually from the lower end
of the funnel, F, it is effectually condensed, and flows out of the

})ipe, W, in the state of water more or less warm according to the

more or less effective state of the condensing power. In adjusting the

apparatus for use, the condenser is first mounted on a three-legged

stool, having a hole in the centre of the top for the reception of the

delivering pipe, W. The furnace is then brought to a proper level by
means of a stack of loose bricks.

With this apparatus several gallons of distilled water may be

prepared in a day. When a distillation is ended, all the vessels

should be emptied, washed and dried without delay, otherwise the still

and condenser, both of which are made of tinned iron, will become

rusty. The outside of the condenser may be japanned. An apparatus
of this form, consisting of a copper still and a block-tin condenser,

may be used in pharmacy, and for a variety of important distillations.

It gives purer water than a similar apparatus made from tinplate, prin-

cipally because the solder used for the joints of tinplate vessels contains

lead, which steam dissolves. As, however, a very small surface of

solder is presented to the steam in a well-made apparatus of this kind,

the impurity thence arising is commonly of no importance. A new

tinplate still and condenser is always soiled by resin about the joints,

which must be washed off with warm spirit of wine applied with a

rag, otherwise the distilled water produced will be muddy and smell of

resin.

While describing the process of distillation, I may briefly notice a

few pieces of apparatus which properly belong to that operation, though
not necessary, when water only is distilled.

Figure 243 represents a distilling apparatus, including what is

popularly called Liebig's condenser. This condenser consists of a glass
tube of the form of figure 244, and which in the apparatus, figure 243,
is marked a a. 5 is a metal jacket which surrounds the condenser tube

in order to keep it imbedded in cold water. The tube a a is fastened

to fe, by indian rubber tubes passing over two small necks that are

soldered to the tube b. c is a funnel by which cold water is supphed
continuously from the water-bottle, h, mounted on a stool at the proper

height, d is an overflow pipe by which the condensing water, after

being warmed, runs off into the pan, i. e is a retort in which the

vapour is produced by the heat of the triple Bunsen's gas burner, k
This glass condenser is suitable for the distillation of all descriptions of
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volatile liquids
—water, spirits, acids, &c. /, is an adapter shown apart

in figure 245. The use of this is to convey the distilled liquor con-

243.

244-

veniently into the vessel that is destined to receive it, as is shown by-

two examples in figures 246 and 247.

MS- 246. 247.

The condenser^d its appendages, as shown in figure 243, are

supported by a stand which has a universal joint and a sliding pillar.

By this means the condenser can be raised to any desired height, and
inclined at any desired angle, to suit either the heating or the cooling

part of the apparatus.
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Figure 248 represents another distilling apparatus, the general ar-

rangement of which so far resembles that of the apparatus represented

by figure 243, that only a brief description of it will be necessary.

248.

In this example, the condenser case is of large dimensions in order to

contain a considerable body of water, to render the condensation per-

fectly effective when it is desirable to lose no portion of the distilled

liquor, a is the condenser case, made in a triangular form
; b, c, the

glass condenser tube
; d, the funnel to receive the supply of cold water ;

e, a flat metal flange to secure the condenser on its support, there is one

at each end
; /, the escape pipe for the warmed condensing water ; this

water is collected in the water-bottle g, which, when the water is cold,

can be put in the position of the bottle A, and the water be used again.
The water-bottle h stands on a stool, B. i is a retort, supported on two
iron bars in a furnace, q ;

^ is an adapter, to connect the retort with the

condenser
; ?, a small adapter, to connect the condenser with the re-

ceiving bottle, m ; A is the condenser stand, having two sliding pillars,

n and 0, which can be raised to any required height. The flange p
serves to collect any waste water or overflow from the funnel d^ and

carry it into a beaker instead of permitting it the chance of flowing
over the pipe c, and contaminating the liquor in the bottle m. r repre-
sents a stoneware support for the furnace, to prevent its burning the

table. No caoutchouc connectors are represented in this figure because

it was drawn and engraved before their invention.

Florentine, Receiver.—When volatile oils are distilled with water, the

distilled liquor, on being allowed to cool and settle, throws a quantity
of the oil to its surface, but retains as much as it can hold in solution.

Thus, when rose leaves are distilled with water, the distilled liquor is

a saturated solution of rose oil in water
;
while the superabundant oil

rises to the surface of the cooled rose water. The Florentine receiver
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is a contrivance employed for separating tlie oil from the water in

such distillations. Three

varieties of that apparatus
are shown by figures 247,

249, 250. These are all

so contrived that the oil

gradually rises in the wide

part of the vessel, while

the water sinking down-,

ward, flows away by
the syphon neck into a

suitable vessel placed to

receive it.

249.

The Still Watcher.

In the distillation of spirits, and particularly of the spirituous com-

pounds that are employed in pharmacy, it is often important to have

the distilled liquor of a determinate

strength. But as, when any mixture

of spirits and water is distilled, the

strong spirit comes over first, and

afterwards a liquor that is progres-

sively weaker and weaker in spirits ;

it sometimes happens that the distil-

lation is carried too far, and the whole
mixture is made too weak. To pre-
vent this accident. Dr. Mohr has con-

trived the apparatus represented by
figure 251. Excepting the foot, it is

entirely formed of glass. a is an

adapter connected with the end of a

Liebig's condenser. The distilled

liquor passes from the adapter into

the funnel, and rising in the cylinder,

escapes by the tube c. In the cylin-
der it meets with a small glass hy-
drometer, the scale of which is gra-
duated to suit the liquor, the distilla-

tion of which has to be watched, say from -79 to -85 if for spirits, or

any other required scale. The stronger the spirits in the cylinder, the

lower this hydrometer sinks in the liquor : as the proportion of water

increases, the spindle rises, and thus the still watcher gives notice of
what is going on, and enables the distiller to change his recipient and
collect products of definite desirable strength.



244 COMPOUNDS OF OXYGEN AND HYDROGEN,

Tests of the Purity of Distilled Water.— It must be transparent and
colourless

;
it must not smell or taste of burnt oil ; it must not change

the colour of red or blue litmus paper. When slowly evaporated to

dryness in a platinum or glass capsule, it must leave no solid residue.

It must not become turbid when tested separately with solutions of

nitrate of silver, nitrate of bary tes, and oxalate of ammonia.

Peroxide of Hydrogen. Oxygenated Water.

Symbol, HO ; Equivalent, 1 7 ; Systematic nam£, Hydrate

This compound is formed by dissolving peroxide of barium in hydro-
chloric acid.

BaO 4- HCl = BaCl + HO.

The compound HO remains in solution.

Hydrated sulphuric acid is next added, when the mixture deposits

sulphate of barytes, and leaves free hydrochloric acid again in solution

in company with the peroxide of hydrogen.

BaCl -f HSO« = BaSO^ + HCl.

More peroxide of barium is now added, and the process is repeated

many times, the sulphate of barytes being separated by filtration.

Finally, the hydrochloric acid is separated by means of sulphate of

silver, and sulphuric acid by means of carbonate of barytes. Many
precautions are required to insure success. They are described in

detail in the TraitS de Chimie, par Thenard, tom. ii. p. 42 ; Paris,

1827. Ultimately, w^e obtain a solution of the compound HO, which

at its greatest density is a colourless liquid of the specific gravity of

1.453.
It has an extremely slight odour, similar to that of chlorine. Its

taste is harsh and bitter. It whitens the tongue, thickens the saliva,

and destroys sensation for a time. If a strong solution is placed on the

hand, it burns the skin, producing a white mark, and after a time^ a

violent itching. If a weak solution is rubbed on the hands, they

acquire the same odour as if they had been rubbed with a solution of

chloride of lime. In vacuo, the solution evaporates without decomposi-
tion. It cannot be rendered gaseous by heat, which decomposes it, nor

can it be sohdified.

As its preparation is very troublesome and expensive, and it cannot

be preserved for any length of time, it has not been often prepared or

examined. It possesses powerful bleaching properties, and some other

characters similar to those which are manifested by solutions containing

chlorine in a bleaching state. Its analysis shows it to contain one part

of hydrogen combined with sixteen parts of oxygen by weight.
The usual theoretical explanation of this compound is, that it is



PEROXIDE OF HYDROGEK. 245

(Bither a combination of water with oxygen, or else a compound of one

atom of liydrogen with two atoms of oxygen. According to the radical

theory, it has the simpler constitution shown by the formula HO, water

being a salt in which hydrogen is combined with this oxide of hydrogen,
= H 4- HO. All the reactions in which this curious compound takes

part agree completely with this view of its constitution, and I am
inclined to consider it to be one of the most active and energetic com-

pounds with which chemistry makes us acquainted.
Certain substances decompose it promptly into water and oxygen.

HO + HO = H,HO + O.

In this case, as in all cases when water is to be produced by the de-

composition of another compound, as much decomposition must occur

as will give the two atoms of hydrogen which are necessary to form a

single atom of water. (See page 154.) Consequently, the formation

of an atom of water is attended by the liberation of an atom of oxygen.
This occurrence has been erroneously considered by some chemists to

prove that peroxide of hydrogen is composed of water and oxygen.
That inference rests on no better grounds than the similar inference that

water is contained in caustic potash, in oil of vitriol, &c., because it is

produced when those compounds are decomposed. Rejecting that

notion, and assuming the peroxide of hydrogen to be formed according
to the formula HO, we have a key to the solution of many curious

chemical problems, as will appear ia the course of our subsequent

investigations.
The following reactions agree perfectly with the composition here

ascribed to oxygenated water :
—

a.) When peroxide of hydrogen is mixed with sulphurous acid, the

odour of both instantly departs, even when 'much water is present, and

hydrated sulphuric acid is formed.

HO 4- SO = HSO^

h.) Oxygenated water mixed with hydriodic acid produces water and
free iodine.

HO + HI = HHO -f I.

c.) When peroxide of hydrogen is mixed with a solution of sulphu-
retted hydrogen, both are slowly decomposed, the mixture becomes

milky, and finally produces water and a deposit of sulphur, with

scarcely a trace of sulphuric acid.

HO + HS = HHO + S.

d.) Oxygenated water, which is easily decomposable when in solution

in pure water, becomes much more stable when in combination with

hydrated acids. Thus,

HSO^ -f HO = HO, HSO^



246 COMPOUNDS OP OXYGEN AND HYDROGEN.

These four experiments are given by Thenard. Schonbein has

lately described some experiments that accord with that marked d.

Several peroxides, namely, dissolve in cold and concentrated hydrated

acids, and produce solutions which manifest some of the most striking

of the properties of oxygenated water
; they bleach indigo tincture

with the energy of chlorine liquors ; they oxidise many metals in the

cold, and like ozone, they give a blue colour to starch containing
iodide of potassium. All the peroxides thus combined with hydrated
acids are reduced by the addition of oxygenated water to the condition

of basic oxides, while the oxygenated water is reduced to common
water and oxygen.

These reactions, though ascribed by Schonbein to the antagonistic
reactions of ozone and antozone. as will be explained in the next section,

are easily explained in accordance with the radical theory, and th€

assumption that oxygenated water is HO. Thus, assuming M to b€

the metal of a peroxide, we have the following two decompositions :

In the first stage,

IMO + HSO^ = MSO« + HO.

metallic
, hydrated sul- _ sulphate of the me- oxygenated

peroxide
"^

phuric acid
~

tallic protoxide
"^

water.

And in the second stage (after the oxygenated water is added),

MSO* + HO+HO = MSO'^ +H,HO + O.

sulphate of
7 t A sulphate of

/.,

the metallic -|-
^^ = the metallic + water +

protoxide protoxide
^° *

Among the salts which act in this manner, Schonbein enumerates

the following:
—Peroxide of manganese in acetic acid or in hydro-

chloric acid ; peroxide of lead in acetic acid ; and peroxide of silver in

nitric acid.

If the formula HO, which I have assigned to this oxide of hydrogen,

expresses its true composition, then the two names by which it is

usually designated
—

oxygenated water, and peroxide of hydrogen
—are

equally improper. The term Hydrate^ signifying one atom each ol

hydrogen and oxygen, is accurate and precise.

Ozone.

Symbol J HO'; Equivalent J 33; Systematic Name, Hydrete,

Admitting the formula HO* to represent the true constitution of

ozone, we have the following series of oxides of hydrogen :
—



OZONE. 247



248 COMPOUNDS OF OXYGEN AND HYDROGEN.

vapour, which immediately becomes ozonised. The rod must not be
too hot, or the ozone will be destroyed as soon as formed.

6. It is stated, in many chemical books, that pure dry oxygen gas,
confined in a glass tube, and submitted to a constant succession of elec-

tric sparks, is entirely converted into ozone. The accuracy of this

statement will be examined in a subsequent paragraph.

7. When a narrow glass tube open at one end is filled with oxygen
and placed in communication with an aqueous solution of iodide of

potassium, and a current of electric sparks is passed through the oxygen
for several hours, the oxygen gradually disappears, and the solution

rises into the tube, and ultimately fills it, while iodine is separated.
Tests of the presence of Ozone.— i. Take one part of pure iodide

of potassium, ten parts of starch, and 200 parts of water; boil the mix-

ture for a ^ew minutes. Spread the paste so formed on the surface of

hard-sized paper. Dry the papers, and cut them into slips, w^hicli

must be preserved from the action of the air. This paper is Schonhein's

Ozonometric Test. When moistened and placed in an atmosphere

containing ozone it instantly becomes blue. If exposed dry to such an

atmosphere, and then removed and moistened, it also becomes blue.

2. Paper soaked in a weak solution of sulphate of manganese becomes

brown when exposed to an ozonised atmosphere.

3. Paper stained black with sulphide of lead becomes white when

exposed to ozone.

4. A dilute solution of blue sulphate of indigo is bleached if poured
into a bottle containing ozone.

5.
If a sheet of silver foil is put into a bottle of ozone, in four or five

hours it crumbles into dust, which consists of peroxide of silver.

6. Freshly prepared spirituous tincture of guaiacum is turned blue

when exposed to an atmosphere of ozone. To make this tincture, i part
of guaiacum resin is dissolved in 30 parts of strong alcohol, and the

solution is afterwards considerably diluted with spirits of wine.

Properties of Ozone.—It is a gaseous body possessed of a very

peculiar odour, approaching to that of chlorine. The power of this

odour is such that one part of ozone is perceptible in a million parts of

atmospheric air. It is diffusible in atmospheric air or in oxygen gas.

The extent to which oxygen can be saturated with ozone is not accu-

rately known. By the electrolysis of water containing ^V of sulphuric
acid Baumert found only i milligramme of ozone in i 50 litres of explo-
sive gas. Andrews found that when water was mixed with -^ of sul-

phuric acid the oxygen separated from the hydrogen contained 4
milligrammes of ozone in i htre of gas; and he states that with a

solution containing ^ sulphuric acid 8 milligrammes of ozone may be

condensed in i litre of oxygen. That is the highest published estimate,

and it is equal to i part of ozone in 180 parts of pure oxygen. Ozone

£annot be separated from oxygen or reduced to tlie liquid or the soHd state.
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It is insoluble in water and in solutions of acids and alcalies. In these

properties ozone differs essentially from oxygenated water, which is

odourless, and is not diffusible in air, while it is easily soluble in water
and in hydrated acids.

Ozone possesses powerful bleaching properties and acts corrosively on

many organic matters, even on cork and vulcanised caoutchouc. It

converts metallic silver into peroxide of silver. It possesses the power
of deodorisation, so that if a piece of tainted meat is immersed into it

the ill odour is rapidly destroyed. It is easily destroyed by heat; so

that if ozonised oxygen is passed through a red hot tube only common
oxygen remains.

In addition to these properties of ozone, I may call attention to the

probability that it is, in all cases hitherto described, a solution or diffu-

sion, in an atmosphere of oxygen, or of common air, of a compound con-

stituted in accordance with the formula HOO, and that this diffusion

takes place, like that of aqueous vapour, in quantities which accord
with certain fixed relations of temperature, pressure, and other physical
characteristics

;
—relations which, as respects aqueous vapour, are well

known, but, as respects ozone, have yet to be determined.

The "active" substance at work through all the intricacies of the

ozone reactions seems to me to be the compound HO, which consists

of one atom of hydrogen = i, and one atom of oxygen = i6. This

compound HO is the so-called oxygenated water, or peroxide of hydro-
gen. When combined with another atom of hydrogen, HO produces
water = H,HO. When combined with another atom of oxygen, HO
constitutes ozone = HOO. The activity of the oxidising power of
ozone depends upon the facility with which HOO exchanges O^ for H\
and thus produces the bland, mild, neutral, inactive water.

This "
active

"
compound HO it is which, in combination with a

basylous metal, produces an alcali : K -f HO = KHO, caustic potash.
This compound it is which, in combination with oxidised acid radicals,

produces the hydrated acids :
—

HO -j- C0'= HO,CO or HCO' Oxalic acid.

HO + SO = HO,SO or HSO^ Sulphuric acid.

HO -f N0''= HO,NO^ or HNO^ Nitric acid.

I This same active compound it is which, when rendered stable by com-
[ bination with neutral salts, possesses the power of bleaching. You add
chlorine to hydrate of lime, and you produce bleaching powder :

—
CaHO) f CaHO
CaHoU^lCaCl \

ClJ iJHO \

' When this salt bleaches it takes up hydrogen, and the whole falls into
'

water, chloride of calcium, and hydrate of lime.

S
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According to this theory, all the affections of vegetable colours dej^end

upon this active compound HO. It is the colouring agent of the alca-

lies
;

it is the colouring agent of the acids
;

it is the discolouring agent
of the bleaching salts. In other words, it is the power which effects

the transference of the atoms of oxygen and hydrogen which are demanded

by the several decompositions, the occurrence of which is made evident

to sight by these changes of colour.

Examination of some of the Theories respecting Ozone.—Ozone was

discovered by Professor Schonbein of Basle in the year 1840. Since

then a great many papers have been published by him and other philo-

sophers narrating a variety of experimental researches into the properties
and composition of ozone. Very lately (see Liebig's Annalen der Chemie,

November, 1858), Schonbein has pubhshed a series of experiments,
from which he concludes that there are no less than th7^ee kinds of oocy

gen ; namely, Common Oxygen, or oxygen in an inactive state
; secondly.

OzoxE, or oxygen in a state which he calls positively active ; and thirdly

Antozone, or oxygen in a state which he c^lls negatively active. Whei
these two kinds of active oxygen combine with one another, equivalen'
to equivalent, they constitute common inactive oxygen.

Upon this foundation he builds two classes of metallic oxides, th<

Ozonides and the Antozonides.

The Ozonides are the superoxides of Mn, Pb, Ni, Co, Bi, Ag, als(

the compounds called Chromic, Permanganic, and Vanadic acids.

The ozonides are said to possess these properties : i . When treatec

with hydrochloric acid, they produce chlorides, free chlorine, and watei

2. They do not combine with hydrated acids. 3. They decompos

oxygenated water into w^ater and oxygen. 4. They give a blue colon

to freshly-prepared tincture of guaiacum. 5. They are strongly electrc

negative.
The Antozonides are the superoxides of Ba, Sr, Ca, and of the meta]

of the alcalies.

They have these properties : i . When treated with hydrochlori

acid, they produce chlorides and oxygenated water. They do nc

discharge free chlorine from chlorides. 2. They combine with h\

drated acids. 3. They do not decompose oxygenated water into watt

and oxygen. 4. They do not give a blue colour to tincture of guaiacuir
on the contrary, they bleach that which has been made blue by tl

ozonides. 5. They are electro-positive.
A consideration of the reactions of the ozonides and the antozonid

and of oxygenated water with ozone, gives occasion to this philosoph-
to advance the hypothesis that chlorine is not an element, but a coc

pound. Hence, we are to be led to believe, that ozone is an eleme

by first being taught that chlorine is a compound. These remarkal

hypotheses seem to have commanded the advocacy of Profess<

Faradav.
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Schonbein gives pictorial symbols to the two active oxygens ; but

not having suitable types to print them, I shall indicate Ozone, or

positively active oxygen, by Op ; and Antozone, or negatively active

oxygen, by O^.

Compounds depicted in accordance with the Theory of Ozone and
Antozone.

Oxygenated water = HO Op
Murium superoxide (chlorine)

= MuO O^
Muriatic acid = MuO, HO
Peroxide of barium = BaO O*

Peroxide of manganese = MnO O*.

. In comparing the following equations^ the reader will observe^ that in

Schonbein's formulce signifies 8, and in mine it signifies i6 parts of

Oxygen.
Schonbein finds that when a given quantity of oxygenated water is

shaken in a bottle with a sufficient quantity of ozonised oxygen, the

odour of the ozone disappears, the oxygenated water becomes common
water, and the ozonised oxygen becomes common oxygen. This he

explains as follows :
—

Oxygenated water = HOO^l _ (Water = HO
Antozone .. =0^ j [Oxygen = 0; + O^ = O.

This signifies that oxygenated water is composed of common water and

ozone, and that when to this compound you add antozone, the ozone

leaves the water to combine with the antozone, and produce common

oxygen.

Now, on the radical theory, and on the assumption that oxygenated
water is HO, and that ozone is HO^, this reaction is explained as

follows :
—

Oxygenated water HO 1 (H,HO water

Ozone .. HOO
j ~|00 free oxygen,

namely, an atom of water is produced, and the residue of oxygen is set

free. No benefit is derived from the assumption that three different

kinds of oxygen are concerned in this simple operation.
Schonbein finds that when peroxide of barium and muriatic acid

meet together, the reaction is as follows :
—

Muriatic acid, MuO,H01 _ |
Muriate of barytes, BaO,MuO

Peroxide of barium, BaO Op j (Oxygenated water, HO Op.

On the radical theory the reaction is simply this :

HCl + BaO = BaCl + HO.

Nothing is gained by the twofold assumption,
a). That chlorine is a peroxide of murium ; and

h). That two kinds of oxygen are concerned in this experim^'nt.
s2
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Schonbein considers that when muriatic acid acts upon peroxide of

manganese, the transposition of atoms takes place as follows :

^ ., ., , (Mu0,H0|| f*^°™"^
°^

""^g^-lMnCMuOMuriatic acid, two I
I

^^^^
'

"'<'"«
1muO,ho| \

=
"^^"",7 ^"P^™^'<i''lMuO o;*•

U (chlonne) j

"

Peroxide ofmanganese MnOO^ j [Water HO+HO.
On the radical theory the reaction is explained thus :

MnCl
Two atoms of muriatic acid ^ tt/^h i i tt ttq

j
HCl

1
r Mn

t HCl U
^ H,l

MnO
) I CI.Peroxide of manganese

Here again the explanation on the radical theory is so simple and

satisfactory, that the new hypotheses are perfectly needless, and serve

only to introduce detrimental complications.

Why do the ozonides and antozonides act differently with hydro-
chloric acid ? Schonbein thinks he explains the cause of the difference

of action by atti'ibuting it, in the one case to the presence of ozone, and

in the other to the presence of antozone. But, we may ask, why does

ozone always combine with barium, and never with manganese ? Why
does antozone always combine with manganese, and never with barium?

Why are the peroxides produced in two such distinct sets ? The only

reply to that question must necessarily be, that the inherent powers of

ozone and antozone determine these results. Unluckily, however, for

the acceptability of such a conclusion, it appears to be ciuite as easy to

attribute all differences in the reactions of the ozonides and antozonides

to a difference in the inherent power, not of their oxygen, but of their

TnetcdliG radicals. There is evidently
"
something

"
which causes a

difference in the reactions. If that "
something

"
exists in the metals,

and not in the oxygen, there is an end to the necessity of inventing
these varieties of antagonistic oxygen. The ascription of a compound
constitution to chlorine seems to be especially bootless. It is true that

one volume of chlorine, which weighs 35*5 may contain two volumes of

oxygen weighing 32, and a murium radical weighing 3*5 ; but sound

logic requires us to withhold credence from the belief in such a

radical, until either it or oxygen has been separated from chlorine.

The experiments and arguments now adduced by Schonbein certainl}

fail to carry conviction on that point to an unprejudiced mind. \A

must continue to believe in the elementary nature of chlorine ti

we can get out of chlorine something that is not chlorine. \^

must continue to ascribe peculiar and inherent powers to barium ant

manganese as long as we find those metals possessing powers aftc

reactions w^hich individualise them under all kinds of reactions

Nothing is gained by attaching the idea of these differences in power .t(
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varieties in the oxygen instead of varieties in the metals. By so doing,
we only contrive a necessity for using new words to describe old know-

ledge, and that with less clearness than it was already described by
old words.

I proceed to notice a few miscellaneous experiments, and the theories

which depend upon their teachings.
Schonbein refers to the following experiment as affording proof of

the accuracy of his theory : five parts of peroxide of barium, and two

parts of peroxide of manganese, produce, with muriatic acid, chloride

of barium, chloride of manganese, and free oxygen, but no chlorine, as

might, he considers, have been expected in the presence of peroxide
of manganese.

BaO 0^ + MuO,HO) _ ( BaO, MuO + HOI ,0^,0- O
MnO O^ + MuO,HO|

~
[MnCMuO + HOj

+ ^p + ^n - 'J-

On the radical theory the explanation is as follows :
—

BaO + HCl] _ f BaCl
\ ^

MnO + HClj
-
|MnCl/+

^^^ + ^'

consequently, the assumption, that the disengaged oxygen is a product
of the combination of Op with O^ is quite unnecessary, as is also the
notion that the salts produced are muriates and not chlorides.

According to the preparation of ozone. No. 6 in the above list, dri/

oxygen can be converted into ozone. This is a fundamental point in

the oxygen theory. But Baumert found that when oxygen was elec-

trified with an induction coil, at the rate of five hundred thousand

sparks in an hour, the product of that enormous exertion of power
continued for an hour was only as much ozone as separated one milli-

gramme of iodine from a solution of iodide of potassium.
Now, on the radical theory, and on the supposition that ozone is

HO*, the decomposition which occurs in KI is as follows :
—

HHof'bKHO.
That is to say, three atoms of iodide of potassium, one atom of ozone,
and one of water, produce three atoms of free iodine and three of
caustic potash. This shows us what is the proportion of hydrogen
in the ozone. The atomic weight of iodine is 127 ; that of hydrogen is

I. 3 times 127 = 381. To liberate 381 grains of iodine,' therefore,

requii-es as much ozone as contains one grain of hydrogen. Hence, to
liberate one milligramme of iodine, which is the 0.0154 P^^'*^

^^ ^ grain,
as much ozone is required as contains the 381st part of the 0.0154th
part =

0.00004, ^^ ^ grain of hydrogen.
In some of the analytical experiments of this description, the solution
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of iodide of potassium was mixed with hydrochloric acid, to prevent
the formation of iodate of potash. The decomposition then occurred

thus:—
3Kl4.3HCn _j3KCl + 3l

+ H0^ j-\ +2HHO.
In this case, as above, the hberation of 3 atoms of iodine =

3 + 127
= 381 grains, demands the addition of 33 grains of HO*, containing
one grain of hydrogen. This process will be referred to in another

paragraph, which describes the experiments of Professor Andrews.
The above experiments do not prove that ozone is formed by dry

oxygen ; the result is nullified by the possibility of the presence of

hydrogen in quantity too small for experimental detection, but large

enough to disrupt the dry oxygen theoiy. |
Messrs. Fremy and Becquerel electrified pure dry oxygen sealed inf

glass tubes, by means of a frictional electrical machine which gave
sparks at the rate of four to eight per second for six hours. The tubes

were then opened in a solution of iodide of potassium, and the absorp-
tion of the ozone was noticed. In one experiment, the solution filled

the tube ;
in two others, it filled only one-third part of the tube. The

size of these tubes was ^V millimetre in bore, and 30 millimetres in

length, that is to say, they were as wide as the thickness, and as long
as the length of the following black mark :

^—^-^—^—
This was the most important experiment that had been made to

prove the possibility of converting pure dry oxygen entirely into ozone ;

it was repeated three times, but it is rash to come to the conclusion that

this object has been achieved, from three experiments, of which two

failed, and the best of which presents numerous reasons for doubt.

How was it possible, for example, to ascertain that a quantity of oxygen
no larger than the above black mark, did not contain a column of

hydrogen as wide as the mark, and having from -^V to gV of its length ?

The seventh preparation of ozone deserves our especial attention,

because it is a process which is always successful. Oxygen gas elec-

trified in connection with an aqueous solution of iodide of potassium
is entirely absorbed by that solution, under separation of iodine. The
reason of the success is, that vapour of water rises into the oxygen gas,
and affords the hydrogen w^hich is required for the formation of ozone.

HHO + 000 = HO^ -f HO*.

When hydrogen is present as well as oxygen, ozone is readily made,
either by electrical or chemical means

;
but in the absence of hydro-

gen, the utmost difficulty occurs. Why is this so? If ozone is only

oxygen, why is the presence of hydrogen so helpful, if not so indispen-

sable, to its formation ?

Ozone is readily formed by phosphorus in the presence of oxygen and

water (see preparation No. 4.) j
but dry phosphorus in dry oxyger
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does not produce ozone. It does not even become phosphorescent.

This is intelligible on the supposition that ozone contains hydrogen, but

not otherwise.

The following is one of Professor Schonbein's quantitative experi-

ments on ozone. The air of two sulphuric acid carboys being ozonised,

W3iS passed through a solution of five grammes of yellow prussiate of

potash, which it converted into red prussiate of potash. This experi-

ment is perfectly in accordance with the assumption that ozone contains

hydrogen. The constitution of the two prussiates of potash agree, on

the radical theory, with the following formulae :
—

Yellow prussiate
= K^eC^N^

Red prussiate
= KFecC^N*.

Two atoms of the yellow prussiate, weighing 368 grains, produce three

atoms of the red prussiate, weighing 329 grains, under separation of

one atom of potassium, weighing 39 grains, the latter requiring HO,
weighing 17 grains, to convert it into caustic potash. Thus:

KKFeC^N^^
KKFeC^N^

fKFecCN^
KFecC^N"
KFecC*N*
IKHO + O.

In this case, the two ferrous atoms are converted by the so-called^ and

erroneously so-called, oxidising action of the ozone, into three ferric

atoms. The quantity of hydrogen which comes into play here is one

grain upon 368 grains of yellow prussiate. The proportion for five

grammes, or 77 grains, is about one-fifth of a grain of hydrogen. We
have, on the one hand, no evidence that the great mass of air which

filled two carboys did not contain this one-fifth part of a grain of

hydrogen. We have, on the other hand, absolute chemical certainty

that the conversion of the yellow prussiate of potash into the red

prussiate would not take place unless an acid radical was provided to

neutralise the hberated atom of potassium. Oxygen alone would not

suffice. In the absence of a metalloid, hydrogen serves the purpose.
I must qualify the above explanation by pointing out that the conver-

sion of the yellow prassiate of potash into the red prussiate, requires

not ozone = HO*, but what is called oxygenated water = HO. But,

probably, either of these compounds will answer the purpose ;
the

superfluous oxygen of the ozone, when that is brought into play, passing
off with the great mass of oxygen with which it is accompanied.

But we may farther ask, how comes it to pass that the air of two

sulphuric acid carboys has only so much "oxidising" power as is

equivalent to the one-fifth part of an atom, either of H or HO^ ? The
size of the carboys is not given, but if we assume them to be of

ordinary capacity, such as would contain about 80 lbs. of water, then
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they would each contain about 2200 cubic inches of air, the fifth part
of which being oxygen, would represent 150 grains of oxygen, or in the

two carboys 300 grains. Yet these 300 grains of oxygen, after being
exalted to the condition of ozone, act chemically merely as the equiva-
lent of Y grains of HO*. That is a very remarkable fact. If ozone is

really ozonised oxygen, what is it that limits the ozonising power to

one part of oxygen in from 1 00 to 400 parts ? Why does the action

not continue till the whole of the oxygen is ozonised ? Perhaps, as

nature was formerly said to abhor a vacuum, she may now be said to

abhor a thoroughly-ozonised atmosphere, and therefore she permits the

ozonisation to act only within prescribed limits—a quarter per cent.

or so. But that is only in the presence of dry oxygen. Nature sets no

limit to the ozonisation of oxygen, and does the work without difficulty

or loss of time when she is allowed sufficient hydrogen with which to

do the work. That is the true course of action. When you reverse it

—w^hen you set Nature to make ozone without hydrogen
—

you resemble

the Egyptians, who set the children of Israel to make bricks without

straw.

An elaborate series of experiments on the constitution of ozone have

been published by Professor Andrews (see Philosophical Transactions,

1856, i. 3 ;
and Journal of the Chemical Society, ix. 168). They

appear to have been made with great care, and he draws from them the

conclusion, that ozone is not a compound body, but oxygen in an

altered or allotropic condition. I do not agree with his conclusion,

because his experiments, however carefully performed, are not of a

nature to establish beyond contest a doctrine so important.
Dr. Andrews's method was to pass electrolytic oxygen, of the

strength^
of four milligrammes of ozone in a litre, through a solution of iodide o^
potassium mixed with hydrochloric acid. He ascertained the increase

of weight of the recipients of the ozone, which gave tlie amount of the

ozone. He then tested the free iodine by a solution of sulphurous
acid, supplied from a centigrade test tube

; and comparing the weight
of the iodine with the increase of weight of the apparatus and its

contents, he found the average result to be

For 127 iodine, 8 oxygen.

This method required a multitude of weighings and measurings,
and testings and reckonings, which of course gave just so many chances

of error
;
and all the errors incident to so complicated a process had to

be reckoned upon infinitely small quantities of matter. In five experi-

ments, which in the whole consumed 29 litres of electrolytic oxygen,
the greatest quantity of ozone collected for weighing was less than three-

fifths of a grain, the smallest quantity was less than one-sixth of a grain.

I have shown at page 253, that if ozone is HO^ the acting quantity
in a reaction of this kind is 33 grains against 381 grains of iodine, or,
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For 127 iodine, 11 ozone.

This differs, indeed, from Dr. Andrews's average result ; but, accepting
his experiments as free from errors, his individual results are also

discordant. Thus, in five experiments, the iodine being fixed at 127,
and the oxygen reckoned at 8, the ozone found by weighing, was,

+
0.15
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whkh has the property of taking up, in the form of occygen, the ozom as

it is produced. After many trials, an apparatus was contrived in the

form of a double U> having a solution of iodide of potassium in one

end, and a column of fragments of fused chloride of calcium interposed
between this solution and the part of the tube where the electrical

discharge was passed. Tlie chloride of calcium allowed the ozone to pass,
hut arrested the vapour of water ; so that, while the discharge always
took place in dry oxygen, the ozone was gradually absorbed. The

experiment is not yet finished, but already one-fourth of the gas in a

tube of the capacity of lo cubic centimetres has disappeared. To

produce this effect, the discharge from a machine in excellent order has

been passed through the tube for twenty-four hours."

I make this extract from a paper that has appeared since my account

of ozone was sent to the printer. It confirms with experimental
evidence my double proposition, that oxygen alone cannot be converted

into ozone, and that oxygen in the presence of an aqueous solution ot

iodide of potassium can be converted into ozone. But, while admitting
the force of these experiments, I object to the explanations which I have

printed in italic, because of the fallacies which they involve. It is aa^

assumption, not a proved fact, that " the chloride of calcium allow

the ozone to pass, but arrested the vapour of water, so that the di;

charge always took place in dry oxygen." This point cannot

granted, it must be proved, because it involves the whole question.
We have no evidence that chloride of calcium can, with absolute

certainty, arrest every minute trace of the vapour of water. Dry
oxygen cannot be converted into ozone. If nothing goes past the chloride

of calcium from the solution to the dry oxygen, then the gas that is

acted on is dry oxygen plus nothing, which evidently ought'not to pro-
duce ozone. But, in this case, it does produce ozone, so that we have

an effect without a cause. New properties are assumed to be given to

dry oxygen by a hquid which is admitted to be present in the same tube

with the oxygen, but which it is affirmed cannot get at it.

The conclusions which occur to me are these. I. Oxygen gas

produces no ozone, not even i per cent., unless hydrogen be present.

2. In the double U tube, the chloride of calcium permits the passage of

a quantity of vapour sufficient to supply the oxygen with the requisite

hydrogen. The ozone HO^ is then produced, and becomes diffused

through the mass of oxygen gas, which forms the atmosphere of the

double U tube, and thus reaches the solution of KI, upon which it acts

as already explained. 3. The solution of KI, not only takes up the

ozone, but supplies the hydrogen necessary to produce it.

att;
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3. NITEOGEN.

Synonyme : Azote.

Symbol, N; Equivalent, 14; Specific gravity of Gas, 14; Atomic

Measure when isolated, i volume ; Atomic Measure when acting as an

acid Radical in salts, 1 volume ; Condensing power on other radicals in

the state of Gas, o.

Occurrence. Principally in atmospheric air, which contains about

four -fifths of its volume of nitrogen. It is also contained in all plants

and animals, in guano, and in several minerals, such as native saltpetre,

cubic nitre, coals, sal ammoniac, &c. See page 9.

Properties. A permanent gas, not reducible to the liquid state
;
desti-

tute of colour, odour, and taste. Lighter than air. Sp. gr. =0*97136,
air being I'OO, or =

14, H being i. 100 cubic inches at 60° F., and

30 inches Bar., weigh 30* 1 19 grains. Incapable of supporting life, and

thence sometimes termed Azote. Without action on coloured test-

papers. Insoluble in water, or soluble only to the extent of i of

nitrogen in 40 of water. Gives no precipitate when shaken in a bottle

with lime-water. Not combustible. Incapable of supporting combus-

tion, on which account the combustion of burning bodies is stopped
when they are plunged into it. Nitrogen when isolated is more
difficult to be recognised than other gases, because its properties are all

of a negative character.

Prepakation of Nitrogen Gas.

5 volumes (measures) of atmospheric air contain 4 volumes of

nitrogen gas, and i volume of oxygen gas. If the latter is absorbed by
a combustible body, the former remains in an uncombined state.

1). Put a morsel of phosphorus, dried on blotting-paper, into a little

porcelain or metal capsule, place the capsule upon a large cork, or a
disc of wood, swimming on the water of

the pneumatic trough, d; set fire to the X/--
phosphorus by a hot wire or a lucifer- /*^
match, and cover the capsule with a bell- /^*

>^

glass gas -receiver, a, open at bottom and
closed at top, and full of atmospheric air.

Jk^iilJ_A.
The oxygen of the air combines with the ib^--::::::::::^^^^

--•W^
phosphorus, and produces dense white

| ^1 ^^^^p^'^TPffl
vapours of phosphoric acid, which dissolve ^^^|:=^^— ' "^

"^sl
in the water, and leave the nitrogen gas in a

j^^
— '''

^^
state of tolerable purity. 10 cubic inches of
air require about i grain of phosphoms. 252.
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253.

As the combustion proceeds, the water rises in the jar, and if there
isj

sufficient phosphorus to combine with all the oxygen, and if time be]
allowed for the water to absorb the phosphoric acid, and for the gas and]
apparatus to become cool, it will be seen that about one-fifth part in •

bulk of the atmospheric air disappears.
This experiment can be conveniently performed i

with a deflagrating jar, fig. 115, having attached

to it the apparatus a to e, %. 253. a is a

caoutchouc cap which fits the neck of the jar, the

stopper being removed; h and c are two bent

glass gas-delivery tubes, c? is a caoutchouc tube,

and e a pinchcock, by which the caoutchouc tube

can be closed or opened.
The nitrogen being prepared, and washed by

moving the jar in the water of the trough, the

gas can be transferred into small jars for examina-

tion by pressing the jar, fig. 253, down into

the w^ater of the pneumatic trough, and at the

same time opening the pinchcock, e, to let. the

gas pass. The mouth of the tube, c, is directed

below the mouth of the small jar, fig. 254, into

which the gas is to be decanted.

If the gas passes over white. from the presence of phosphoric acid,

it can be purified by passing it two or three times from jar to jar through
the water of the trough.

2). Instead of phosphorus, a little alcohol may be burnt in

a jar of atmospheric air by the above process, and its com-
bustion serves equally to absorb the oxygen and leave the

nitrogen. In this case, carbonic acid gas is also produced,
but that gas is gradually absorbed by the water of the

trough.

3). A stick of phosphoRis placed in a small jar of air,

over water, for 24 hours, absorbs all the oxygen and leaves

the nitrogen, without being set on fire
;
but this process can

only be used for preparing small quantities of nitrogen.

4). Introduce a lighted taper under a glass jar, standing over water,
and filled with common air. The light will shortly be extinguished, a

cloudiness will be perceived, which, however, will soon subside, and the

water in the basin will rise in the jar.
—Rationale. The atmospheric

air is decomposed ; the oxygen is absorbed by the burning taper, and

the nitrogen remains. The cloudiness proceeds from the unconsumed

smoke of the taper. The water rises in the jar, because the
included^

j

volume of air is diminished by the absorption of its oxygen. Thsl |

nitrogen gas produced by this process is less pure than that afforded by 1

the first process.

254.
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5).
Mix nitrate of ammonia with granulated zinc, distil the mixture

in a retort, and pass the disengaged gas through water into a receiver.

The gas is a mixture of ammonia and nitrogen. The former is absorbed

by the water of the pneumatic trough, and the nitrogen gas remains

alone.

6). A mixture of 14 parts of iron fihngs and 10 parts of dry salt-

petre in po^vder, heated in a narrow tube of hard glass, gives off gas,

which, when passed through water, leaves nitrogen.

7). Preparation of Pure Nitrogen Gas.—Copper, when heated to

redness, completely absorbs oxygen from air. The apparatus represented

by fig. 255 may be used for performing this experiment. A C,^is a

Pepys's gas-holder, the details of which have been already sufficiently

explained. See page 173. The infusible glass tube, e /, is filled with
fine copper turnings, or fine, flattened copper wire. One extremity of

this tube, e, is put into connection with c, the stop-cock of the gas-

holder, and the other end of the tube /, is put into connection with a

gas-receiver, suitable to collect the purified nitrogen gas. As atmo-

spheric air always contains a small quantity of carbonic acid, and is,

moreover, saturated with water in the gas-holder, these must be sepa-
rated if we wish to obtain the nitrogen in a state of perfect purity. To
that end, the gas is made to pass through the tubes marked T and T*.

In the first of these tubes, T, the gas meets with pumice-stone, saturated

with a solution of caustic potash, which absorbs the carbonic acid. In
the second tube, it traverses pumice-stone, saturated with concentrated

sulphuric acid, which absorbs the aqueous vapour with which the gas is

charged. The infusible glass tube, e
/*, containing copper filaments, is

placed in a long, narrow, sheet-iron combustion-furnace, in which it

can be heated to redness. If the glass tube is not formed of infusible

Bohemian glass, it must be wrapped round with copper foil, tied on
with iron wire, to prevent the melting of the glass.
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The atmospheric air contained in the gas-holder, A, is expelled by the

pressure of water applied in the trough C ; it is purified by passing

through the tubes, T, and T'
;

it is deprived of oxygen by the red-hot

copper turnings contained in the tube e /; and the pure nitrogen gas
is collected over mercury in the receiver attached to the end, /.

8). Pure Nitrogen Gas can he separated from Ammonia.—When
chlorine gas is passed into liquid ammonia, pure nitrogen gas is

separated; but the process is liable to prove dangerous; because an

explosive compound of extreme violence is produced if the process is not

properly conducted. This is a case, therefore, in which the way to run

into danger, and the way to avoid it, require to be explained.

By means of the gas-bottle, fig. 256, chlorine gas is prepared accord-

ing to the method which is described under the head "
chlorine,"

hereafter. The chlorine gas is passed by the gas-delivery tube into

the bottle represented by fig. 257, or into such bottles as are represented

by figs. 138 and 139, in page 179. This bottle should be half filled

with liquid ammonia (that is to say, solution of ammonia in water).
The chlorine immediately loses its green colour, and the ammoniacal

liquid immediately disengages a multitude of small bubbles of nitrogen

gas, which may be collected as soon as the atmospheric air has

256. 257-

been driven

follows :
— from the bottle. The reaction which takes place is as

NH\HO + CI KH*,C1
NH^HO + CI = NH\C1
KH*,HO + CI NH^C1
NH*,HO N 4- 4H,H0.
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The solution of ammonia in water may either be considered as

consisting of ammonia dissolved in water,

Nff + H,HO,

or as a solution of the hydrated oxide of ammonium, produced by a com-

bination effected between the elements of an atom of water and of an

atom of ammonia, the theory of which will be explained in a subsequent

paragraph.
Nff + HHO = NH*,HO.

Four atoms of NH*,HO, with three atoms of chlorine, produce three

atoms of chloride of ammonium, NH*,C1 ;
four atoms of water, HHO ;

and one atom of free nitrogen. The acting proportions are regulated by
the principle stated at page 154, viz. : that whenever water is a

product of any reaction, the decomposition must go on until, for every
atom of oxygen set free, there is a simultaneous liberation of two atoms

of hydrogen.
This experiment presents no danger as long as the solution of

ammonia contains an excess of free ammonia ;
but if chlorine is passed

into the liquor after all the ammonia is converted into chloride of

ammonium, the chlorine then produces the chloride of nitrogen, which

presents itself under the form of yellow oily drops. The production of

this compound must be avoided with the utmost care, for it is one of

the most violent detonating compounds now known to exist, and its

presence indicates great danger to the operator.

Experiments illustrating the Properties of Nitrogen Gas.

/r%

Nitrogen gas, prepared by any of these processes, will be found to

possess the properties cited in page 259. After

decanting it, as described above, into several small

jars, such as figs. 258 and 259, make the following
trials of it. Plunge a lighted taper into it. Shake

it in a bottle with lime-water. Try it with

moistened test-papers, both litmus and turmeric.

Endeavour to set fire to it.

If the gas has been completely deprived of

oxygen, and sufficiently washed, all the trials will

have a negative result. The taper will not burn
;

the lime-water will not become white
;
the blue lit-

mus will not turn red ; the yellow turmeric will not

turn brown the gas will not burn. It acts chemically uponnothing : it

has no colour, no taste, no odour : it is not soluble in water. It does

nothing : it suffers nothing. Its great character is, to have no distin-

25«. 259.
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guishing character. It is this negation of acting properties which pecu-

liarly characterises this remarkable element.

Yet is nitrogen by no means a cipher in creation. If at given times

it is the most dormant of elements, at other times it is the most active.

Indeed, so many-sided are its operations when we consider it in

relation to organised bodies, that we may fairly call it the chemical

Proteus. The experimenter is unable to combine nitrogen directly with

anything; but nature makes it form part of the most complicated and

most antagonistic compounds. We live in an atmosphere formed

chiefly of nitrogen ; we inhale immense quantities of it hourly ; yet
our bodies retain none of the inhaled nitrogen, though every part of

them is imbued with that element derived from other sources. In the

air, nitrogen, continually in contact with oxygen and hydrogen, remains

without action, and retains the utmost degree of bland indifference ; yet
these three elements combine indirectly to produce the two fiery and

corrosive, but antagonistic compounds
—

liquid ammonia and aqua-fortis.

With oxygen, it produces the laughing, intoxicating gas, which can be

breathed with safety and delight ;
with the same element it forms the

deadly nitrous gas. Though so indifferent to direct combination,

once engaged in vegetable and animal compounds, nitrogen seems to be

the very principle of vitality. It is there present where the vital

processes are carried on with most activity. It is probably that ageni
which directs in the cells of plants the chemical and galvanic forces

by which the raw materials of vegetable life are converted into the

acting juices of the living plant. It is present in the most essential and

delicate organs of the animal body. We cannot exist without it.

It is contained in our bread and our beef. It is the principle of

fermentation, and, therefore, concerns our beer and our wine. Food
which is free from it has no power of nourishment. It is in the

essence of tea, of coffee, and of chocolate. In sickness and fever we
derive help and consolation from it in the form of morphia and quinine,

and, sad to say, it is prompt to do irreparable mischief in the form of

prussic acid and strychnia. Thus, our daily food, our holiday

beverages, our solace in illness, and that which is the occasional cause

of violent death, alike depend upon the presence of nitrogen. Even

the military engineer finds in this mild element the spirit of remorseless

destruction, for nitrogen is the basis of gunpowder, of gun-cotton, of

the chloride and the iodide of azote, and of most of the explosive com-

pounds which have in different ages ministered to the destroying power
of the warrior.

ATMOSPHERIC AIR.

Atmospheric Air is the term applied to that immense mass of

permanently elastic fluid which surrounds the globe we inhabit. It is

colourless, tasteless, inodorous, soluble in water to only a very limited
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extent, compressible, and elastic. For a long time this substance was

supposed to be simple, but it has now been proved, by experiment, to

be a compound of oxygen and nitrogen. Five parts of common air

contain about one part, by measure, of the former body, and four of the

latter, or one hundred parts contain about twenty-one parts of oxygen
and seventy-nine parts of nitrogen. The exact proportions have been

disputed. According to the most trustworthy experiments they are as

follows :
—
By Measure. By Weight.
20-8 1 = O 23-01

= O
79*19 = N 7^*99 = N-

The proportions of these two gases, in atmospheric air, are uniform

and constant. They have been found to be the same in all parts of the

world, and in all seasons of the year; at the level of the sea, and when

brought down by an aeronaut from an elevation of four miles above the

surface of the earth. But this refers to air in its free or normal condi-

tion.
"

I hope," says Sir Humphry Davy,
*'

it will not be conceived

that I mean to apply this conclusion, as to the uniformity of the

constitution of air, to close rooms, or to confined places, where there is

no free circulation. I must not be mentioned as an authority for the

salubrity of a crowded midnight ball-room or the press of a '
rout.^

Where many candles and lamps are burnt—where a great number of

persons respire the same air—it is scarcely possible, unless all the

doors and windows are thrown open, to gain a sufficient supply of the

pure atmospheric fluid to make up for the consumption. I have two
or three times examined the air of very crowded and oppressive rooms,
and in one instance I found as little as seventeen per cent, of oxygen,
and three per cent, of carbonic acid. I collected air in different parts of

Drury-lane Theatre, on a crowded night, by emptying small bottles filled

with water. In the pit, at nine o'clock, there were nineteen of oxygen
and one and a half of carbonic acid. In the second row of boxes, as

soon after as the process could be conducted, there was a little more
than these proportions, but no great difference. But in the highest tier,

the impurity was greater ; there were only eighteen of oxygen and as

much as two and a quarter per cent, of carbonic acid.
" The deficiency of oxygen, in situations in common life, is seldom,

however, a cause of unhealthiness, and more serious evils are produced
by the vapours and effluvia w^iich are suspended in the atmosphere in

the solid or^ fluid state—vapours from putrefying animal matter, from

Jecaying vegetables, and the products of combustion and various

processes of decomposition. The great reason of the superior salubrity
5f a country atmosphere is not in the difference of the quantity of

:)xygen, but in the circumstance of the purity of the air from noxious

mpregnations. The air in the streets of London is continually convey-
T
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ing to our lungs parts of whatever in so great a city is capable of very-

minute division either by chemical or mechanical means. The fogs
which we experience are principally water thrown down by cooling
from the upper regions of the air

; but they often carry with them in

the night, the smoke, the soot, and the various effluvia which have been

raised during the day ;
and we sometimes breathe a vapour which

before had passed through our chimneys."
— On the Chemistry of

Nature.

An elaborate aad interesting series of researches " On the Air of
Towns" has recently been published by Dr. R. Angus Smith, of

Manchester (^Journal of the Chemical Society, 1858, vol. xi., p. 196).
The constitution of the atmosphere of Manchester, and the differences

between town and country air in general, are very ably investigated in

that paper, but the details are too copious for extract.

The two gases which compose air are commonly held to be mixed

mechanically, yet the mixture answers very nearly to the chemical

formula xS'^O. The density of air is the 825th part of that of water.

A cubic inch (barometer 30 inches, thermometer 60°) weighs 0*3 1

grain. The specific gravity of air is a subject that has been already
discussed. See page 140. Air which has been breathed is found to

have lost its oxygen, and is then no longer fit to support life. This

element is retained in the lungs, where it is absorbed by the blood,

from which it expels carbonic acid gas, and which it renders capable of

supporting life. The red colour of the blood is owing to the oxygen it

acquires in passing through the lungs.
Formation of Atmospheric Air.—If one measure of oxygen gas i£

mixed with four measures of nitrogen gas, the resulting mixture is one

which agrees in all its properties with the air of the atmosphere.

Analysis of Atmospheric Air.—Air is confined in a graduated glass

tube, over diluted sulphuric acid. A piece of copper foil is passed up
into the tube through the diluted acid, and the apparatus is then lefl

untouched for some hours. The moistened plate of copper during thai

time combines with all the oxygen of the air, and leaves nothing bu

nitrogen gas in the tube. Some of the processes for preparing nitrogei

gas show other methods of analysing atmospheric air. The oxygen ga
can also be separated from atmospheric air by explosion with hydrogei

gas, as described at page 215.

Atmospheric air commonly contains carbonic acid gas in about th

following proportion :
—

Oxygen .... 500 ]

Nitrogen . . . 1900 > = 2401 parts.

Carbonic Acid . . i
J

The presence of carbonic acid in atmospheric air is capable of eas

demonstration, as will be shown by an experiment described further 01
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Experimental Determination of the Composition of

Atmospheric Air.

The analysis of atmospheric air requires two processes, the first of

which serves to determine the proportion of carbonic acid and of vapour
of water, and the second to ascertain the quantities of oxygen and nitro-

gen which compose pure air.

Quantitative Estimation of the Carbonic Acid and Water contained in

Atmospheric Air.

Fig. 260 represents the apparatus which is employed to ascertain the

quantities of carbonic acid and water contained in the atmosphere.

260.

The Vase, or Aspirator, V,
is made of japanned zinc or of

galvanised iron. It may be

of any capacity from 1000 to

5000 cubic inches. It may be

made, as represented in the

figure, without a gauge, or it

may be fitted with a gauge,
like the gas-holder, fig. 127.
If it is made without a gauge,
its capacity may be ascertained

by filling
it with water, and

running off the water into a measure, such as is represented by fig.

261, which, when filled up to a mark on the neck, contains a specific

measure of liquid, such as 100 cubic inches. By successive fillings

of this measure, and by the accurate measurement of the last smaller

quantity which runs out, the exact capacit}^ of the vase is ascer-

tained. If there is a gauge-pipe attached to the vase, the points

indicating the successive abstraction of 100 cubic inches are marked
on the gauge-pipe or on the vase, by its side.

Letters a, d, in fig. 260, represent a pipe which passes to the

bottom of the vase to regulate the flow of the water. T is a

T 2
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thermometer which passes through the neck, b, to about the middle
of the vase. The pipe attached to the stopcock, r, turns upwards

to prevent the entrance of air into the vase. The

^^^g) air which is to be examined is brought by the

tube g, which can be prolonged to any required
distance.

The bent tubes a, b, c, d, e, f, contain substances

which are intended to act upon the air. In A, b,

E, F, are placed lumps of pumice-stone saturated

with concentrated sulphuric acid, which serves to

abstract aqueous vapour from the air which is passed

through them. The tubes, c, D, are filled with

pumice-stone saturated with a concentrated solution

of caustic potash, which is adapted to absorb car-

bonic acid. The corks, by which these bent tulxis

are fixed to the connectors, are covered with sealing-
wax to prevent their absorption of external moisture and the entrance

of air.

The two tubes. A, b, are weighed together, as ai-e also the three

tubes, C, D, E. The tube f is not weighed ;
it always remains attached

to the apparatus, and its sole use is to prevent the passage of aqueous

vapour from the vase, V, to the bent tubes A to E.

The vase being filled with water, and the apparatus being arranged
as shown in

fig. 260, and the tubes having been weighed, the stop-
cock r is opened, and the water is allowed slowly to run from tk

vase, either until it is emptied, or until a certain quantity of air, a'

shown by the gauge, or as registered by the quantity of water dra^^-

off, has entered into the vase. That air, entering by the tube a d, ai-

passing through the water, will necessarily be saturated with aqueou.-

vapour. The temperature at the time is ascertained by the thermc

meter, T, and the height of the mercuiy in the barometer is ai:^

observed. From these data the corresponding measure of dry air at

standard temperature and pressure can be readily calculated.

The air, in passing through the bent tubes A, B, c, d, e, f, to pene
trate into the vase, V, deposits its moisture with the sulphuric acid i

the tubes A b, and its carbonic acid, with the caustic potash in the tubt

C D. But as the gas passes in a dry state from A B to c D, as it deposit
its carbonic acid, it again takes up moisture. It is for this reason tha

the tube e is added, in which the moisture is again arrested. At tJi

end of the experiment, after noting the quantity of aspired air, the tW'

tubes, A B, are again weighed, and their augmentation of weight give
the quantity of water which has been absorbed from the air. Th
three tubes, c, D, E, are also again weighed, and their augmentatio
of weight gives the quantity of the carbonic acid simultaneously al

stracted from the air. In this manner we determine with exactness th
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total quantity of dry air which passes through the apparatus, and the

weight of the carbonic acid and the water which that quantity of air

deposits.

Quantitative Estimation of the Oxygen and Nitrogen contained in

Atmospheric Air.

Process i. By means of Phosphorus.
—A quantity of air is placed in

a graduated glass tube over mercury, and is accurately measured. If the

tube is washed with water, and partially dried with

filtering paper, enough moisture will still adhere to

the glass to saturate the small quantity of air. The
f phosphorus is melted under water, and cast in an

iron bullet-mould into a small ball, into which,
while soft, the bent end of a wire of platinum is

I plunged. The phosphorus is solidified by plunging
the mould into cold water. The ball of phosphorus

i is thus provided with a long wire handle, by means
i of which it can be passed up through the mercury
into the air confined in a jar, as shown by the

; figure. At the expiry of twenty or thirty hours

the phosphorus will have absorbed all the oxygen.
The ball is then to be withdrawn, and the residue

is again to be carefully measured. This residue

^hows the quantity of nitrogen. Of course, proper
corrections must be made, as in all experiments on gases, for the

lemperature and the barometric pressure at which these operations
iake place.

262.

Process 2. By the action

of Metallic Copper at a red

heat.— The apparatus re-

quired for this experiment is

arranged as shown by fig.

263. a 6 is a tube of in-

263.
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fusible Bohemian glass, filled with fine copper-turnings and disposed
on a combustion-furnace. It is provided at each end with a stop-

cock, r and r . The end a of the glass tube is put into connection

with a large glass receiver, V, of about looo cubic inches capacity,
and the end 6 with a series of tubes, A, b, c, which contain ma-

terials for abstracting moisture and carbonic acid from the air tliat

is to be analysed. A is an apparatus which

contains a solution of caustic potash, intended to

absorb carbonic acid. This apparatus is shown
on a larger scale by fig. 264. b is filled wath

fragments of pumice-stone saturated with a

strong solution of caustic potash, with the inten-

tion to arrest any portion of carbonic acid tliat

may escape the action of the solution contained

in A. c contains pumice-stone saturated with

concentrated sulphuric acid, for the purpose of

abstracting moisture from the air.

When an analysis is to be made, the tube

a &, containing the metallic copper, is attached to an air-pump, and is

exhausted of air as completely as the power of the air-pump permits.

The stopcocks are then closed and the exhausted tube is weighed.
The globe V is also exhausted of air, and is then weighed. That is

far easier said than done. It requires a first-rate air-pump to efiect

the perfect exhaustion of so large a globe, and in weighing, the globe

requires to be counterpoised by a second globe of the same size and

weight, and the weighing to be effected by means of a powerful and

accurate balance, with which objects of considerable bulk and weighl
can be weighed with extreme accuracy. These conditions demand th(

utmost degree ofscientific skill and a large expenditure ofmoney, and there

fore I regard the description of this experiment rather as a history of oik

that has been once made, than as one suitable for every-day repetition.

The apparatus having been thus weighed and properly put together

the fire is lighted and the tube a his heated. The stopcock r is thei

partially opened to permit the air to pass through A, b, c into the tub

a h, to act upon the heated copper. After 'a while the stopcock u i

opened, and then the stopcock r\ but only a little. The air must pas

through the tubes very slowly. The course of the air is watched in th

bulbs of A, through the solution in which the air must pass slowly i

single bubbles. When they begin to pass very slowly, the stopcock

is gradually opened wider, and, finally, both ic and r' are opened to th

greatest extent. When the action ceases, the stopcocks, r", r, u ar

all closed, the charcoal is removed, and the apparatus is dismounted.

The globe V is again weighed, and the increase of weight shows th

amount of nitrogen gas which has entered into it. The tube a b

again weighed, and the increase of weight shows the quantity of oxyge
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which has been taken np hj the copper. But as, in this condition,

the tube a b contains nitrogen gas, it is again exhausted hy the air-

pump and again weighed, which gives the means of correcting the

weight.
From these results the percentage by weight of oxygen and nitrogen

contained in atmospheric air can be reckoned with exactness, and the

specific gravities of the two gases being known, it is equally possible

to deduce the percentages by volume.

Process 3. Bt/ means of the Eudiometer.—The analysis of atmospheric
air can also be made by means of the eudiometer, the use of which

instrument I have already explained in treating of the Composition of

Water. See pages 215 to 217. A certain cjuantity of atmospheric
air is passed up into the eudiometer, and then a quantity of perfectly

pure hydrogen gas (see page 227); the mixture is measured, fired by
an electric spark, and again measured. The loss of measure consists of

oxygen and hydrogen gas, in the proportions of one volume of the

former to two volumes of the latter. Hence, one-third of the volume

which disappears is the measure of the oxygen which was contained in

the quantity of atmospheric air that was passed into the eudiometer for

analysis.

Example.
—

Suppose 180 volumes of air to be taken, and as much

hydrogen to be added as makes the mixture equal to 300 volumes.

After explosion the measure is found to be 188 volumes. There is,

consequently, a loss of 112 volumes, of which one-third = 37-^ is

oxygen. Then we have the proportion

180 : 37'33 = 100 : 20*7,

which gives us nearly the proportions already cited as the true ones.

Professor Miller gives, as the average composition of the atmosphere
in the climate of England, in 100 parts by volume—

Oxygen .
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fully, that the reader maj be impressed by the weight of the evidence

which they afford. I now add a few experiments of a more manageable

though less accurate character.

To show that the Atmosphere contains Water, even in the Driest

Weather.— i. Expose to the open air for a few days a spoonful of dry
carbonate of potash, or chloride of calcium, spread in a capsule : the

salt will attract so much moisture from the air, that it will become

liquid. 2. Put a given quantity of strong sulphuric acid into a vessel

exposed to the air : at the expiration of twenty-four hours its weight
will be found to have increased considerably. 3. Put very cold water,

or a mixture of salt and snow, into a thin glass vessel, and take it into

a warm room : dew will form on the outside of the vessel, arising
from the condensation of the moisture contained in the air.

Method of determining the Bygrometric state of Atmospheric Air.—It

is often of importance to know how much water is contained in a given
bulk of air. This you can readily and

accurately determine by the following

process, employing the apparatus repre-

sented in the margin :
—Water is run

from the vessel, a, into the graduated

vessel, ^, where the quantity can be ac-

curately measured. The water escaping
from the vessel, a, is replaced by an equal

measure of atmospheric air. This enters

through the tube, I, 6, which is loosely

filled with asbestus, moistened with

strong oil of vitriol. The latter absorbs

the water from the air which passes over

it. The tube, Z, 6, with its contents, is

weighed both before and after the experiment, and the increase in

weight shows the quantity of water absorbed from a measure of air,

equal to the quantity of water that is ran from a into i. The tube, d, e.

is filled with lumps of chloride of calciiun, ic

^11 If
^ order to hinder the oil of vitriol in the tube, I,

h.

from absorbing vapour from the vessel, a.

Deterioration of Air by Respiration.
— Tii

action of respiration in converting oxygen intt

carbonic acid can be readily shown by thf

apparatus represented by fig. 266. It consi^

of a two-necked Woulff's bottle, of about 01.

pint capacity, fitted up witli two bent tubes, ai

two-thirds filled with clear lime-water. Put t!i

tube, b, into your mouth, and suck air througl
2^^- the water. It enters by thejtube, a, and bubble

up strongly, but scarcely changes the appearance of the liquor. The
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put the tube, a, into your mouth, and blow into the liquor air that

has passed through your lungs. The liquor will soon be rendered

turbid by deposited carbonate of lime.

Test for the presence of Oxygen Gas in Atmospheric Air.—Nitric

oxide gas, passed up into a jar partly filled with common air over water,

seizes upon the oxygen gas, forms with it an orange-red vapour, and

condenses it. (See p. 190.)
Test for the presence of Carbonic Acid in Atmospheric Air.—Expose

clear lime-water in a flat capsule to the air. It will soon become

covered with a film of carbonate of lime, which, if broken, will fall to

the bottom of the liquor, and before long be succeeded by a second film.

This action will continue till the whole lime of the solution is changed
into carbonate of lime.

Test for Acidity.
—

According to Dr. R. A. Smith, the air of towns

where much coal is burnt contains so great a quantity of sulphuric acid,

that moistened blue litmus paper soon has its colour changed to red.

In preparing delicate test papers, I have often experienced the incon-

venience of this action.

Test for Ozone.—The test for ozone is described at page 248. Ac-

cording to Dr. Smith, it is in vain to try to detect ozone in the air of

large manufacturing towns, but easy to detect it in the atmosphere by
the sea-side, or out in the country, on hills away from the smoke of

the city.

THE AIR-PUMP.

It would be quite out of place to introduce into this compendium a

systematic account of the science of pneumatics ;
but it may be useful

and convenient to give a description of the air-pump, and of some pieces

of apparatus connected with it, which are of continual use in chemical

experiments, not only in investigations respecting the properties of

common air, but of gaseous bodies in general.

Compressibility and Elasticity of Air.—Fig. 267 represents a glass

cylinder about 2 inches in diameter and 12 inches in height, nearly
filled with water, and bound over air-tight at the top by an

elastic cap of vulcanised caoutchouc, such as those represented at

page 179, only without the upper tube. Within it is a figure
of glass, of a grotesque form, commonly called a bottle imp, or

Cartesian devil. It is hollow, and has a small opening in one
of the feet or in the tail. The weight of the figure is so adjusted,

that, with the included air, it is very little lighter than water,
and floats at the top of the jar. Nevertheless, when pressure
is applied by the hand to the caoutchouc cover of the jar, the

image sinks to the bottom of the water. As soon as the pres-
sui-e is removed, the figure rises again to the top. The

"^67
reason of this is, that the pressure of the hand condenses the

k_
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air between the water and the cover of the jar. The condensed air then

presses more heavily upon the water, and that in its turn upon the air

contained witliin the image. This air is accordingly condensed into less

space, and the image admits a little water, the addition of which makes
the image and its contents heavier than the surrounding water, and

therefore it sinks. When the hand is removed, the compression ceases,

whereupon the elasticity of the confined air begins to act. The air

within the image, resuming its original volume, expels the water through
the hole by which it had entered, and the image, thus restored to its

original weight, rises in the water.

If the pressure is continued until the image has too much water forced

into it, it will no longer act properly. It should then be wiped dry,
and be gradually warmed over a spirit-lamp, until the heat forces out of

it a sufficient quantity of the superfluous water. Of course, this warm-

ing requires a little care, to prevent the cracking of the glass.

Sometimes glass images for this experiment are made in the shape of

a balloon. The principle upon which they act is the same, and they

require the same management.
The Air-Syringe.

—The fact that air expands
when pressure is removed, so that the smallest

quantity of it fills, in a uniform manner, the

largest vessel, is that upon which is founded the

exhaustion of vessels by the instrument called the

air-bynnge, or the air-pump. The annexed figure

represents one of the forms of the air-syringe, a

is a brass cylinder, bored with the greatest ac-

curacy, and containing a piston, of which h is the

rod and handle. This piston contains a valve that

opens upwards but not downwards, so that whf^n

the piston is forced downwards, the pressure of tlie

air below opens the valve, and the air passes

through it
;
but when the piston is drawn upwards,

the pressure of the air above closes the valve, and

no air then passes through the valve. There is a

small hole at d, by which the atmosphere commu-
nicates with the hollow part of the cylinder alx)ve

This syringe is connected to vessels, from which air is to

give figures.

268.

the valve.

be exhausted by means of adjuncts, of which I wil

269.
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StopcocJiS and Connectors.—Figs. 269 and 270 represent stopcoclis.

The moveable part in the middle, which can be turned by a handle, and

which completes or cuts off the air-com-se, is termed the plug. The

projecting screws of fig. 269 are termed male screws. The projecting

screw of fig. 270 is also termed a male screw, and the hollow screw is

termed slfemale screw. Figs. 271, 272, and 273 represent connectors.

271.

271 is termed a double female connector, 272 a double male connector,

273 amcde and female connector. There is one other kind of useful

connector, which is represented by a in fig. 274, and by h in fig. 268.

This is called a coupling joint. This

connector is employed when neither

the stopcock nor the object that is

to be attached to it can be turned

round, so as to make the screws

enter the one into the other. It is a

kind of connector a good deal used

in fitting up gas-pipes. The neck b of fig. 274 is intended for insertion

into a bag, or the neck of a bladder. Fig. 275 represents a cap in-

tended to be cemented on the neck of a glass globe or a glass cylinder.

Fig. 276 is adapted for a bag, bladder, flexible pipe, or the mouth of

274.

275. 277. 278.

any soft vessel that can be tied round it. Figs. 277 and 278 are blocks

of brass, intended to be screwed by three screws to a table or block of

wood, for the purpose of fixing syringes, &c., in particular postures,

vertical, oblique, or horizontal, the inclination being determined by that

of the surface of the wooden block to which it is screwed. All these

adjuncts have female screws.

I have been particular in describing these little things, because they
are of great importance in pneumatic chemistry. The student must
learn what instruments are at his command, and by what technical

names the instrument-makers distinguish them. AH these adjuncts
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should be made to fit each other precisely, that is to say, the screws
should have what is technically called the same thread, and it is most
convenient in a laboratory to have only one kind of screw or thread. The
London philosophical instrument-makers have, by common consent,

used, for nearly one hundred years, the same thread for air-pump appa-
ratus. It is known as the London stopcock thread. The thread in

common use among gas-fitters is entirely different. When stopcocks,

connectors, &c., are screwed together, there should be
a piece of oiled leather, or of sheet caoutchouc, called

a washer, of the form of fig. 279, placed between

them, to insure an air-tight joint. These washers
must always be kept clean and soft, and the screws

should be frequently cleaned and slightly oiled.

When stopcocks are put aside out of use, they
should be left ope/?, as shown in

figs. 269, 270; for,

if they are exposed to corrosive vapours, which often happens in a

chemical laboratory, they are less hable to damage in the plug, than

when the plug is closed.

Farther particulars of the Air-syringe.
—I now^ return to the de-

scription of the air-syringe, fig. 268. c is the neck of the syringe, and
contains a female screw, ^ is a stopcock with two male screws, e is

called a cross-piece, and is bored through from h towards z, and from

the middle of that bore upw^ards towards g. The low^er branch of the

cross-piece is solid, and ends in a male screw, by which it is connected

to the clamp,/, screwed to the edge of a table, t. The clamp,/, is

not an essential part of the apparatus, for the cross-piece is often more

conveniently fixed to the middle of a table, by means of one of the

blocks, represented by figs. 277, 278. The cross-piece is terminated

at the end, i, by a female screw, to w^hich the figure represents a stop-

cock, fig. 269, as attached. The cross-piece is terminated at A by a

coupling joint, or it may have a male or female screw.

The process of exhausting Airfrom Vessels.—The use of the apparatus
is now evident. A vessel containing air, whatever may be its form,

whether, for example, it be a globe or a tube, can be attached by one
of the contrivances show^n above, to one end of the cross-piece, and the

other end of the cross-piece can be closed by a stopcock, or by a con-

nector closed up at one end. The piston of the syringe being then

lifted, the body of the syringe is filled by air fi*om the vessel, which

expands, so as to fill both the vessel and the syringe. The piston

being then pressed downward, its valve opens, and the air in the

cylinder that w^as below the piston passes above the piston. The

piston being again lifted, that portion of the air is forced through the

hole, d, in the upper part of the syringe into the atmosphere, while

another portion of air passes from the vessel into the body of the

syringe. The process is thus continued, until the air in the vessel is
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^
reduced to so small a quantity that its elasticity is insufficient to raise

the valve in the piston, when the exhaust-

ing power of the apparatus is at an end.

Figs. 280 and 281 represent other

forms of double air-syringes. These are

made with a solid piston and with two

necks, one of which contains a valve which

opens inwards, and which c|ualifies the

syringe to act exhaustingly, while the

other neck contains a valve which opens

outwards, and constitutes it a condensing;

If

281.

syringe.
DeterminaUon of the Specific Gravities

of Gases.—The foregoing description of

the parts of an apparatus adapted to 280
exhaust air from vessels, will enable you
to understand exactly the process by which the specific gravities of

gases are determined. The apparatus employed for this

purpose is represented by fig. 282. It consists of the

following parts :
—

i). A cylindrical jar, a, in which the gas can be collected.

It may be graduated into cubic inches and decimal parts,

into cubic centimetres, or according to the scale which has

been explained at page 141.

2). A very light glass globe, Z>, fitted with a small and

light brass cap c?, and a small stopcock e. In the figure, the

caps d and c, and the stopcocks e and g, are made of the

same size. The figure, however, respresents an apparatus
suitable for other experiments in chemistry. But for the

determination of the specific gravity of gases, not only must
the globe h be made as light as possible, but the brass

fittings d and e must also be made small, and very light.

3). The brass fittings c to ^ complete this apparatus;
c is a cap cemented to the jar a. It has a female screw; 282.

d, a cap cemented to the globe 6, has also a female screw ;

/ is a connector with two female screws; and the two stopcocks
e and / have each two male screws. These pieces are shown by the

figures between 269 and 275, at about half the full size; except that

the small cap d should not be longer than figure 275, and the stopcock
e not larger than figure 269.

The operation of taking the specific gravity of a gas is performed as

follows :
—

The globe, 6, having been made perfectly clean and dry, is filled with

perfectly dry atmospheric air, and with the cap, c/, and stop-cock, e, is

weighed. It is then screwed to an air-pump, or air-syringe, and ex-
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hausted of the atmospheric air as completely as possible. The stop-

cock, e, is closed, and the globe is weighed again. The difference

between the first weighing and the second shows the weight of the

atmospheric air which has been withdrawn by the air-pump. The
exhausted globe, h, is next connected to the receiver, a, by the inter-

mediate brass-work shown in the figure. The two stopcocks, e, g,

being then opened, gas passes from the receiver, a, into the globe, 6,

and fills it. The stopcocks are then closed, the globe, with its sto]>

cock, e, is unscrewed from /, and once more weighed. The difference

between the result of this weighing and of the second weighing shows

the weight of the gas submitted to trial.

If the jar a, from which the globe is filled with gas, stands over

water, the gas will be saturated with aqueous vapour, the quantity of

which must be allowed for by calculation, or the gas must be passed,
for weighing, not directly from the jar a, into the globe b, but through
an intermediate apparatus for drying it, such as has been described at

length in preceding sections.

If the globe b, employed for these experiments, be sufficiently large

to contain, at 60° Fahr., and 30 inches Bar., ^6"] cubic inches of gas,

that bulk will represent one grain of hydrogen gas, and that globe will

contain the quantities of the elementary gases which are represented
the atomic weights of these gases. That is to say

—
I volume of hydrogen gas being
I volume of oxygen gas will be

I volume of nitrogen gas ,,

I volume of chlorine gas „

And the quantity of a compound gas will be represented by its atom'

weight divided by its atomic measure. Thus :
—

I volume of carbonic acid gas, CO^ will be =
44-f- 2 = 22 grains.

I volume of carbonic oxide gas, CO, will be =28-7-2 =14 grains.

The same vohmie of atmospheric air will be 1 4*47 grains.

Ihe Air-Pump.
—The air-pump differs essentially from the air

sp'inge only in having a table or horizontal plate of glass or bra^-

ground perfectly smooth and flat, attached to its

neck. In the apparatus represented in the figure,

the neck with its female screw is situated in the cen-

tre of the plate below the cylinder, a. A tube

passes thence through the body, or below the ma-

hogany table that connects the whole together, till

it reaches the lower end of the syringe. A small

air-screw is added there, by which atmospheric air

can be admitted into an exhausted vessel when re-

quired. The use of the ground table is merely to ^^3-

1
=
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connect the air-syringe conveniently with vessels that have broad

mouths like the jar a in the figure.

The syringe is sometimes screwed

to the table at an angle of about

45°, as represented by fig. 284.
The apparatus is usually fastened

to a table by one or more clamps,
as shown by fig. 283.

Tate's Air-Pump. — This air-

pump is made on the principle first

explained by Mr. Tate (see his paper
*' On a new double-acting air-

pump with a single cylinder," in the "
Philosophical Magazine," for

April 1856). It is represented in perspective by fig. 285, and its

barrel in section by figs. 286 and 287.
The barrel a, h, is a brass cylinder, 1 8 inches long, with a bore of

IJ inch diameter. It contains two pistons, c and J, figs. 286 and 287,
which are both attached to one piston rod, e, moved by the handle, /.
The cylinder is firmly fixed in a horizontal position to a table by means
of a massive brass clamp, g. The pump table, h, which is made seven

inches or more in diameter, is fixed above the middle of the barrel by
the block i, and the stopcock h There is an aircock at ?,

to let air

enter into the receiver m, when required. At the end of the barrel n,

285.

"le is a small orifice, with a valve opening outwards; this is covered

y a brass cap, which has an external male screw. At the other end
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of the barrel, o, there is also a small orifice with a valve opening out-

wards, and covered with a brass cap terminating in a bent pipe^.

286.

To ascertain if the Pump is in good working order.—Clamp the pump
firmly to a table, so that when the piston rod is pushed in, and pulled

out, by means of the handle f, as far as it will go, there is no vibration

of the table, h. If the pump works
stiffly, pom' a little oil (parafilne oil

or neat's foot oil) into the hole in the middle of the table, A, after

removing the syphon r, and opening the stopcock k. The oil will

descend into the barrel, and lubricate the pistons, and will afterwards

be gradually forced out at both ends of the cylinder. The pipe p is -

bent as to throw the ejected oil on the piston rod, which must alwa^

be clean and well greased. The oil which is projected from the end /

can be collected in any kind of cover that is put loosely over it.

It sometimes happens, that when a pump is new, the pistons set,
<

become fixed. In that case, after clamping the pump fimily to tl

table, you may pull out the piston rod iDy main force. No harm wi

occur if you apply only as much force as is necessary for this purposv
The handleymust always be in a horizontal position, to be convenientl

grasped by both hands, but as the piston easily turns round in th

cylinder, the handle often comes into a vertical position. In that case

you must put it into the horizontal position by turning it from left
i

right, and not from right to left, otherwise you may unscrew the pisto
rod from the piston.

Supposing the pump to bfe in working order, you must see that th

plate h is clean, and that the receiver m is also clean, perfectly dry, an

well greased on the flattened edge with tallow, or a mixtm-e of wax an
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tallow, according to the temperature. This grease can be conveniently

applied by means of the tallow-holder described at page lOO.

When the receiver is thus placed on the table, it is easy to ascertain

by a few strokes of the piston, whether the junctions are all tight. If

they are, the receiver soon becomes fixed to the table
;

if not, you must
search for the leakage. All the parts of the pump should be tightly

screwed up. AVherever there is a joint, there must be an intermediate

oiled leather washer, and this washer must be always clean, and soft

with oil, and from time to tmie it must be examined, and if defective,

renewed. When the leakage is not at one of the joints, it is commonly
found to be between the receiver m and the table h. If it is owing to

defective grinding of the edge of the receiver, and that defect is but

slight, a little more tallow may cure it
;
but if the grinding has been

insufficient, or if there is a chip in the glass, the rim must be re-

ground.
If a few strokes of the piston are found to fix the receiver upon the

plate, the pump is in working order.

Action of this Fump.—The two pistons can be pushed into the posi-
tions shown by fig. 286. In this case, there is a communication between

the receiver m, and that half of the barrel which is marked a. I assume
that the stopcock k is open, and I shut. The pistons can now be

pulled into the positions shown by fig. 287. There is then a commu-
nication between the receiver m and that part of the barrel which is

marked b. By this second motion, all the air that was in the front

half of the barrel a, is forced out of the barrel through the valve at the

end, —nearly all, but not quite all
;
for a small quantity of air remains in

the little pipe between the piston d and the valve in 0, and this expands
into the half cylinder a, and into the receiver m, when the pistons are

again put into the positions shown by fig. 286. In that third move-

ment, the air contained in the half 5, of the barrel, as shown in
fig. 287,

is forced out through the valve at the end w, except, as before, a small

residue in the pipe between the piston c, and the valve in n. That this

residue may be as little as possible, the pistons must at each movement
he driven quite home. But this must be done firmly and steadily, not

with too much violence or too much rapidity. The operator must
remember that all the air that is expelled at each stroke has to pass

through an opening which is, for the above reason, made as small as

possible, and he must not give this little hole and the valve belonging
to it too much work to do. If the barrel of the pump, and above all,

the stuffing box, q, becomes hot to the hand during the pumping, the

operator is pumping too fast, and he must work more deliberately.
ALnother precaution which he must Lake is, to work the piston rod as

wenly as he can in the direction of the cylinder, and not to make it

A'addle in the stuffing box, q. If it waddles, the hole in the stuffing box
vvill

speedily become enlarged, the pump will leak seriously, and the

u
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stuffing box will require to be repacked ;
—work for the instrament

maker.

The exhausting power of the pump is tried by means of the. syphon

gauge, which is marked r in
fig. 285. That this may show the state of

the exhaustion in the receiver m, a hole is bored in the brass foot by
which the gauge is screwed into the hole in the table. With a

receiver that is capable of holding 1 00 cubic inches of air, Tate's pump
of the above size, and in perfect condition, will bring down the mercury
to one-twentieth of an inch in about 60 strokes. It will also readily
freeze water over sulphuric acid in a flat receiver of 300 cubic inches;
but the requisite number of strokes for this experiment varies greatly
with the temperature of the water, and of the apparatus, and the apart-

ment, from 150 strokes at between 60° and 70° Fahr., to half tliat

number at between 30° and 40° Fahr.

The other pieces of apparatus shown in
fig. 285 are, a screw, s,

adapted to the hole in the table, h, and intended to prevent the running
of water and mercury into the barrel of the pump, when spilt in certain

experiments on the table, h
;
the jet t, and the water-pipe w, are for

the experiment called a fountain in vacuo, which I shall describe pre-

sently.

Use as a Condensing Pump.— If a globular vessel mounted with a

bmss cap, containing a female screw, is adapted to the screw at the

end of the barrel ?i, the air which is there ejected from the pump will

be necessarily forced into the vessel so placed to receive it.

Advantages possessed by Tatars Air-pump.
—There is no valve placed

between the receiver and the barrel of the pump, so that when the air

becomes rarefied, it is not required to lift a valve, but has simply to

diffuse itself as each half of the barrel is alternately opened to receive it.

The pump is not difficult to work. Though the baiTel is 18 inches

long, the effective stroke is only 8 inches. At first, the friction of two

pistons makes the pull rather stiff, but as the exhaustion proceeds, the

pull becomes easier, because the action of the external atmosphere is cut

ofi' from the pistons by the valves placed at and n, which is the re-

verse of what occurs with all pumps that have valves placed between

the cylinder and the receiver.

Air-pumps with double Barrels.—Though Tate's pump is a gi'eat im-

provement upon all single-barrel air-pumps, and -does the work ol

exhaustion thoroughly, yet as its power is only in proportion to th(

capacity of its barrel, it does not work with sufficient expedition for i

lectm'er who desires to perform a series of experiments before a large

and perhaps an impatient, audience. When tlie size of the barrel i

mucli enlarged, the labour is too heavy for the operator's hand. Th(

piston rod must be worked by a rack and pinion moved by a lever, aDi

the apparatus then becomes expensive.
To meet the necessity of a more rapid, though less effectual exhaus ^
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tion, recourse is had to air-pumps with double barrels, two common
forms of which are represented in figs. 288 and 289.
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Fig. 288 is a pump with a raised plate and a syphon-gauge. Fig.

289 is a pump of a cheaper construction without a syphon-gauge. It

is also represented in the figure without a stopcock between the

receiver and the barrels, which is a very unadvisable piece of economy,
because it presupposes an absence of leakage at all joints of the pump,
which, though desirable, is not always obtainable, especially when the

pump is old.

In pumps of this description there are valves in the pistons, and also

at the base of each cylinder, and the exhausting action of the pump
ceases when the rarefied air in the receiver is no longer able to lift the

lower valve when the piston is drawn upwards in the barrel. The labour

of pumping increases with the exhaustion, and with wide barrels is con-

siderable, because you have a vacuum under the piston and the fiill

pressure of the atmosphere upon it, whereas in Tate's pump the pressure
of the atmosphere is cut off from the pistons by the valves, which open
outwards only, at the two ends of the barrel.

When rapid action and complete exhaustion are both required, it is

advisable to use the large size of Tate's pump.
Evaporation in a Vacuum.—It is often desirable in chemical opera-

tions to expel water from substances which cannot be heated without

being made to undergo changes that are injurious. In such a case the

chemist avails himself of the power of the air-pump. A porcelain pan,
similar to fig. 290, is half filled with concentrated

sulphuric acid, a liquid which rapidly absorbs

aqueous vapour, and this is placed upon the table oi

the air-pump. The substance that is to be evapo-
rated or dried is placed in a watch-glass or a por-

celain capsule upon this pan. The whole i^

covered with a flat glass receiver, such as is repre-
^ *

sented in
fig. 284, and the air is exhausted fron

the receiver. Water then rises from the substance that is to be driec

to form an atmosphere in the receiver, but the concentrated sulphurii

acid rapidly absorbs it
;

fresh vapour is then formec

and is absorbed by the acid, and thus the evaporatio]

proceeds till the required result is produced.
It is sometimes expedient to dry substances cor

tained in filters without removing them from tli*

glass funnels
;

in which case the arrangement repi'

sented by fig. 291 is useful. The lower part of tb

apparatus is made of porcelain, and the upper part
<

wood. Acid is put into the porcelain pan, and tl

wooden table being placed over it, the funnels aii

capsules containing the mixtures that are to be drit

are placed upon the table. The exhaustion and evaporation then pn
ceed as described in the preceding paragraph.

291.
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A is a glass or metal

292.

The apparatus last described is sometimes employed with concen-

trated sulphm'ic acid to dry substances without the aid of the air-pump.

The method of proceeding is shown by fig. 292. B is a round wooden

table, in which is turned a circular groove, m m.

receiver, which fits the groove m m.

a and b represent the apparatus, which

is shown separately by fig. 291. If

the receiver A is made of tin-plate, the

groove m m is filled with oil. If the

receiver is of glass, the groove may
be filled either with oil or mercury.
With this apparatus the evapora-
tion goes on more slowly, because

the air in the receiver prevents the

rapid vaporisation of the water.

Freezing of Water.—With the help
of Tate's air-pump, the porcelain acid-

pan, fig. 290, and the flat receiver, fig. 284, it is easy to freeze water.

The pan must be half filled with concentrated sulphuric acid, not the

fuming Nordhausen acid, but oil of vitriol that has not been diluted.

The water should be put into a watch-glass, placed upon the acid pan.
This experiment succeeds best when the pump, the water, and the

air of the room are as cold as possible. The pump and every part of the

apparatus being in good condition, it takes twice as many strokes of the

piston to freeze water when the air is at 60° F. as it takes when the air

is at
40"^ F. In winter, when the apparatus and water are tolerably cold,

Tate's pump will freeze the water with less than 100 strokes. In

summer, at about 60°, it will require at least 150 strokes; and if you
allow the water and pump to stand in the sun till they are warm, or if

you take diluted acid, or too much water, or too large a receiver, you
will entirely fail to freeze the water.

A small quantity of water is, of course, more easily frozen than

a large quantity ; but when Tate's pump (the small size) is in good
condition, and the weather cold, three or four ounces of water can be

frozen, if placed in a thin porous earthenware capsule.
As Tate's pump is usually sold with adjuncts for producing a foun-

tain in vacuo, I shall add a description of that experiment.
Fountain in Vacuo.—The table h of Tate's air-pump can be un-

screwed in company with the stopcock h, from the block z, fig. 285.
The jet t can be screwed into the hole in the middle of the plate h.

The pipe m, fig. 285, or a, fig. 293, can be screwed to the stopcock
k. These letters refer equally to figs. 285 and 293.

Process.—The pump being in good working order, ascertain that the

table h and stopcock k are easily removable. Screw up tight, put
in the jet tj cover with the conical glass receiver B ; or, in default of
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that, with the cyhnder of the guinea and feather glass closed at

top with a well-greased glass plate. Have

ready a wide-mouthed bottle or jar, A, filled

with water nearly to the neck; also a thin

disc of glass, wood, or metal, with a hole

in the centre, C. Exhaust. Close the stop-
cock A, and then unscrew it, and all above it,

from the pump. Put on the disc C, screw

on the pipe a, and place the whole upon the

glass bottle A. If the stopcock k is now

opened, the weight of the atmosphere acting
on the surface of the water in the vessel A
forces the water, in the form of a jet or foun-

tain, up into the exhausted receiver B.
As this experiment wets the plate and stop-

cock of the pump, and renders them unfit for

other experiments until thoroughly dried, it

is better to use for it a separate small table

and stopcock, which is commonly called a

transferer. When a teacher has no separate
transferer it is better to defer experiments
with water till the other experiments of the

same day's lesson have been performed,
because it takes some time to dry the

transfer-plate and the stopcock sufficiently

to enable other exhaustions to be made by
the pump; for the presence of vapoui
diminishes its power.

CoMPouxDS OF Nitrogen akd Oxygkn".

There are five known compounds which contain nitrogen and oxygen
These are as follow :

—
Atomic Weight.

NNO 44.
NO 30.

NNO^ 76.
NO* 46.

Nitrous oxide

Nitric oxide

Nitrous acid

Peroxide of nitrogen
Nitric acid NNO^ 108.

Atomic Measure.

2 volumes.

2 volumes.
?

2 volumes.
9

In these foiynuke, N =
14, and O = i5. When the atomic weights ar

held, as they commonly are, to be N = i5 and O = 8, of course tl.

formulge of these compounds are written differently. In considering th

following details, the reader will be pleased to remember that the sym
bols N and O each signify one volume of gas, and that N weighs 14, am-j

O weighs 16,—See page 148,
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Nitrous Oxide.

Synonymes, Protoxide of Nitrogen, Laughing Gas, Intoxicating Gas.

Systematic name, Nitra nitrate.

Formula^ NNO; Atomic Weight, 44; Specific gravity of Gas, 22;
Atomic Measure^ 2 volumes. Neutral to test papers.

Properties.
A colourless gas, heavier than common air. It supports

combustion, sometimes with JDrilliancy, but, though it may be respired,

it is not capable of supporting life. It has a sweet taste, and a faint

but agreeable odour. It dissolves in three-fourths of its bulk of common
cold water. Water which has been boiled absorbs about one-half of its

bulk of it. Warm water absorbs less of it. It is reducible by a pres-

sure of 50 atmospheres at '45° to the liquid state. It does not form red

vapours when mixed with air or oxygen gas. The most extraordinary

property of this gas is its action on the human body, when respired.

The sensations that are produced vary greatly in persons of different

constitutions ;
but in general they are highly pleasurable, and resemble

those attendant on the pleasant period of intoxication. It has been

called intoxicating gas^ laughing gas, and gas of Paradise. This charac-

teristic of nitrous oxide gas was discovered by Sir Humphry Davy.

294.

To procure Nitrous Oxide, or Intoxicating Gas.—Put a quantity of

pure nitrate of ammonia into a glass retort, as represented in fig. 294,
and apply the heat of a lamp, which must be gentle and well regulated.
The salt will in a short time liquify, and must then be kept gently sim-

mering, avoiding violent ebullition, otherwise the gas will be impure.
The temperature should be carefully watched. It ought to be between

400^ and 500° F. If suffered to become much higher, white vapours
appear in the retort, and the decomposition of the salt hurries on with

explosive violence. The gas may be collected over water, and must be
allowed to stand a few hours before it be used

; during which time it
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will deposit a white vapour, and become perfectly transparent. When
great purity is required, and when the gas is to be breathed, it may be

passed through a U-tube, page 198, containing a solution of proto-

sulphate of iron. Four ounces of nitrate of ammonia produce a cubic

foot of nitrous oxide gas.
—Do not dip the neck of the retort into the

trough till the gas pa?.ses out rapidly, which you ascertain by holding
the mouth of the retort in a small capsule containing water.

Theory ;—NH*,NO=' = NNO + HHO + HHO.

One atom of nitrate of ammonia produces one atom of nitrous oxide

and two atoms of Avater. If the salt is impure, other products are

formed, for which reason the gas must be carefully washed, by agitation
with water and by being left for some hours in contact with water,

before it is breathed.

Experiments showing the properties of Nitrous Oxide Gas.— i. A
candle burns in it with a brilliant greenish flame and a crackling noise.—
2. Phosphorus, charcoal, sulphur, and iron wire burn in it. The experi-
ment may be performed in the same manner as is directed for experi-
ments with oxygen gas, page 181; but bodies that are to be burned in

nitrous oxide gas must be introduced into it in a state of complete

ignition.
—

3. When mixed with hydrogen gas, it burns with explosion.
—

4.
A bit of potassium passed up into a jar of this gas standing over

water inflames and burns brilliantly.

Intoxicating power of JSfitrous Oxide Gas.—Though this gas is not

fitted to support life, yet it may be respired for a short time, and the

effects produced by it upon the human frame are among its most extra-

ordinary properties. The manner of breathing it is as follows :
—Put

nitrous oxide gas that has been purified by washing with water, over

which it should rest for some hours, into a large bullock's

bladder, or a gas-bag, with a perforated wooden mouth-piece,
such as is figured in the margin, fixed in its neck. Hold the

bladder by means of the mouth-piece in the right hand.

Close the nostrils with the left hand, and exhaust the lungs
of common air by a long expiration. Then put the tube into

your mouth and breathe the gas from and into the bladder as

long as you can. The effect j^roduced is a sort of delirium,

which differs greatly according to the constitutions of the persons by
whom the gas is respired. In general, however, the effects are highly

pleasurable, and resemble those attendant on the agreeable period of in-

toxication.
"
Exquisite sensations of pleasure

—an irresistible propensity
to laughter— a rapid flow of vivid ideas—singular thrilling in the toes,

fingers, and ears—a strong incitement to muscular motions
"—are the

ordinary feelings produced by it. The celebrated Mr. W^edgwood,
"

after breathing the gas for some time, threw the bag from him, and

kept breathing on laboriously with an open mouth, holding his nose
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with his fingers, without power to remove them, though aware of the

ludicrousness of his situation
;
he liad a violent inclination to jump over

the chairs and tables, and seemed so light that he thought he was going
to flv." What is exceedingly remarkable, is, that the intoxication thus

produced, instead of being succeeded by the debility subsequent to

intoxication by fermented liquors, does, on the contrary, generally

render the person who takes it cheerful and high-spirited for the re-

mainder of the day. In some cases, however, the effects are unpleasant,
such as headache, a rush of blood to the head, and a tendency to stupor.

The experiment should therefore be made cautiously. It is best when
the bag of gas is managed by an assistant, because it often happens,
that even when the effect is unpleasant, the experimenter has not the

power to remove the bag from his mouth. For this reason a side

opening is made in the mouth-piece, which the assistant closes with a

cork or his thumb, and can readily open when necessary. The patient
then breathes only atmospheric air.

Nitric Oxide.

Synonymes. Binoxide of nitrogen, Deutoxide of azote, Nitrous gas.

Systematic name. Nitrate.

Formula, NO; Atomic Weight, 30 ; Specific gravity of Gas, 15;
Atomic Measure, 2 volumes ; Neutral to test papers.

Properties. A gas, whose specific gravity is slightly greater than that

of air. It is colourless, but when suflered to mix with air, or with

oxygen gas, it produces brilliant red suffocating fumes, being by its union

with oxygen converted into peroxide of. nitrogen, which immediately

disappears if in the presence of water. Nitrous gas does not redden

litmus. It is not combustible ;
it is fatal to animal life, and extinguishes

flame. There are, however, a few bodies that can be burnt in it, such

as phosphorus and charcoal. Water absorbs about i-20th of its bulk

of this gas. It is copiously absorbed bv a solution of ferrous sulphate,
FeSO*.

Preparation of Mtrous Gas.

Process I.—Put 100 grains of shreds of copper into a gas-bottle,

page 192, and add 300 grains of nitric acid, diluted with an equal

weight of water. Collect the gas which is disengaged over water, first

allowing a quantity to escape to get rid of the common air of the gas-
bottle. See page 1 80. When the evoliition of gas ceases, the appli-
cation of a gentle heat will cause the production of another portion of

gas. A blue liquid will remain in the retort, which liquid is a solution

of nitrate of copper. Preserve it for other experiments.
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Theory ;—3CUC + 4HN0^ =
3CucN0"^ + 2HHO + NO.

Three atoms of copper and four atoms of hydrated nitric acid produce
three atoms of nitrate of copper, two atoms of water, and one atom of

nitric oxide.

Process 2.—" The deutoxide of nitrogen may also be obtained perfectly

pure by digesting hydrochloric acid with iron filings till it will dissolve

no more, decanting the clear liquid, and adding to it its own bulk of

hydrochloric acid : on placing the solution in a retort, and adding nitrate

of potash, the deutoxide of nitrogen is immediately evolved in large

quantity."
—

Professor Miller.

Theory ;
—

6FeCl

4HCI
KNO

ecn
CI =

gFecCl
KCl
2HHO
NO

In this reaction 6 atoms of ferrous chloride produce 9 atoms of ferric

chloride. The extent of the reaction depends upon the quantity of

oxygen supplied by the decomposed nitrate
;
0* demand H* to produce

water. The other decompositions depend upon this point.

Experiments with JSfitric Oxide Gas.— i). Add a few drops of sul-

phide of carbon to a jar of this gas. If a light is now applied, the

mixture burns with a bright blue flame.—2). Nitrous gas is readily
absorbed by a saturated solution of protosulphate of iron or

protochloride of iron. The resulting dark-brown solution

readily absorbs oxygen gas.
—

3). If nitrous gas is col-

lected in a bottle or gas-tube containing a weak solution of

litmus, or which has a slip of blue litmus paper pasted along
the inside, the blue colour of the litmus remains un-

changed, but if common air or oxygen gas is let into the

bottle, the litmus immediately turns red, because nitrous

acid is formed.—4). Charcoal or phosphorus may be burnt

in this gas. The experiment is to be performed as de-

scribed at page 182.—5). If a lighted taper is plunged
into this gas the light is extinguished.

—
6). Exhaust the

globe of the apparatus represented by fig. 296. Pai-tially

fill it with nitrous gas, by screwing the globe to the cylinder,

opening the stopcocks, and letting a certain quantity of

that gas pass up from the cyUnder to the globe. Then

296. close the stopcocks, clean the cylinder, and put into it

some oxygen gas, the cylinder standing over water. Open
the stopcocks, upon which red fumes will immediately appear, and

if there be no excess of either gas, the water will rise and fill the

globe, absorbing all the gas. A long slip of blue litmus j^aper may
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be passed into the globe through its cap before it is exhausted of air,

in order to render the production of acid obvious.—7). If a solution

of an alcaline sulphite is brought into a bottle containing nitrous

gas, and shaken witli it, the gas is ti'ansformed into nitrous oxide

gas, and no longer produces nitrous acid when mixed with air or

oxygen gas.

Nitrous Acid.

Synonymes. Sometimes called hyponitrous acid. Systematic name,
Nitra nitrite.

Formula, NNO'; Atomic Weight, 76; Specific gravity and atomic

measure of the gas not yet ascertained.

In all probability this compound is correctly represented by the formula

NO + NOO. It is produced by mixing 4 volumes of nitric oxide with

I volume of oxygen, both made dry and conveyed into an exhausted

flask. Hence :
—
NO + NO + O = NNO^ or NO + NOO.

The compound thus produced is in the form of a brown-red vapour.
At the temperature of—4° F. it condenses to a blue and very volatile

liquid, which boils at a degree of heat below that of the freezing point
of water. If subjected to distillation it falls into nitric oxide and per-
oxide of nitrogen. Thus :

—
NNO' becomes NO -f NOO

Nitrous acid dissolves in very cold water, forming a pale-blue solu-

tion, which is probably hydrated nitrous acid :
—

NNO^I (HNO^lxT A . A -^ 'A

HHO (

=
IHNO^I^ nitrous acid.

This formula agrees with the constitution of the salts called Nitrites,

which are to be described further on.

If the temperature is raised above 32° F., the acid is decomposed
into nitric acid and water, which remain in solution, and nitric oxide,

which flies off as gas. This action may be explained as follows :
—

HNOn fHNO«
HN0H = <^HH0
HN0*J { NO-fNO.
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Peroxide of Nitrogen.

Synonymes. Hyponitric acid
; sometimes Nitrous acid. Systematic

name, Nitrete.

Formula, NO^; Atomic Weight, 46; Specific gravity of Gas, 23;
Atomic Measure, 2 volumes. Reddens litmus.

Preparation.
—

i). Whenever nitrous gas comes into contact with

oxygen gas, or atmospheric air, dense yellow fumes of peroxide of

nitrogen = NO* are produced.

2). When dry nitrate of lead

is distilled, and the product
received in a vessel, artificially

cooled, nitrous acid is pro-
cured in a liquid form. The

proper apparatus for this ex-

periment is represented by
fig. 297. As the heat re-

quired is considerable, the

retort must be made of infu-

sible glass, or be coated with

clay. The beaker in which

the bent tube receiver is placed must be charged with ice and water.

The nitrate of lead must be perfectly free from water. The decompo-
sition occurs as follows :

—
PbNO^) _jPbPbO
PbNO='f

~
\N0* + NO^-f- O

That is to say, the products are protoxide of lead, peroxide of nitrogen,
and free oxygen.

Properties.
—At — 4° F. it can be obtained in colourless prismatic

crystals. With a slight increase of heat it forms a colourless liquid,

but if the heat is raised the liquor assumes various colours, darkening

through yellow to deep, orange-red. Once fused, the crystals do not

readily form again, owing to the presence of a little nitric acid. At
about 80° F. the liquor boils. Its vapour has an intense red colour.

Its density is given above. It reddens litmus and stains animal matters

yellow, but it is not an acid. It forms no salts, except by affording
elements towards the construction of nitrites and nitrates.

Peroxide of nitrogen is very easily decomposed by water, a small

quantity of which converts it into a green liquid. When acted upon by
bases it produces a mixture of nitrates and nitrites in equal equivalents.

Many difi^erent explanations have been given of these reactions, and

some of them sufficiently complicated ; but on the radical theory they
seem simple and intelligible.

Thus, the reaction with water is this :
—

NO* + NO^ l_(HNO«Hydrated nitrous acid

-f HHO j

-
IHNO^ Hydrated nitric acid
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And the reaction with bases is as follows :—

Tvrna _i_ Tvna ^ (
KNO** Nitrite of potash

xi-ur. T ^ur^ }
=

{ KNO^ Nitrate of potashKHO + KHOf
|j^jj(3 ^^^^^

There are, however, some other reactions of peroxide of nitrogen
with water which demand a brief notice. Sometimes a large quantity of

nitric oxide gas is disengaged. This can be explained thus :
—

3N0n _J2HN0^^
HHOj

~
t NO

"

Sometimes the liquor remains in such a state that if platinum, cop-

per, or silver is put into it, a violent effervescence and discharge of

nitric oxide occurs. That effect would lead to the supposition that per-
oxide of hydrogen is present, which indeed is quite possible ;

for

NO* + N0*1 _ I HNO^ + HO
+ HHO j~lNO

If peroxide of nitrogen is passed over barytes at 200°, the earth sud-

denly becomes red hot, and produces nitrate and nitrite of barytes.
Thus :

—
NO« + NO« l__(BaNO*

+ BaBaO/~lBaNO^

Anhydeous Nitric Acid.

Formula^ NNO*; Atomic Weight, 108; Systematic Name, Nitra

nitrute.

Anhydrous nitric acid has been prepared by M. St. Claire Deville.

The method is, to decompose perfectly dry nitrate of silver by perfectly

dry chlorine gas. Heat is applied to vaporise the liberated anhydrous
nitric acid, and to carry it into a separate vessel, to be condensed by a

freezing mixture. The experiment demands great care and skill in

manipulation. See Ann. de Chimie, 111. xxviii. 241 ; also Miller's

Elements of Chemistry^ I. 499; and Gmelin's Chemistry, II. 389.

Notwithstanding the utmost care, part of the acid is decomposed ;

otherwise the decomposition is effected as follows :

AgNO^ -f Cn _ j AgCl 4. AgCl
AgNO^ + CI f

-
JNNO* +

That is to say, two atoms of nitrate of silver and two atoms of chlorine

yield two atoms of chloride of silver, one atom of anhydrous nitric acid,
and one atom of free oxygen.

Properties.
—Brilliant transparent colourless crystals, whose forms are

modifications of a right rhombic prism. They fuse at 85° F., and



294 NITROGEN.

the liquid boils at 1130 F. The vapour decomposes so near the

boiling point that the density of the gas cannot be determined.

Anhydrous nitric acid dissolves completely in water, producing a

great rise of temperature, but no production of colour, and no disen-

gagement of gas.

The product is hydrated nitric acid :

NNOM_lHNO'
HHO

j

"
\HNO"

The solution saturated with barytes gives nitrate of barytes :

HNO^) (BaNO^

BaHOj "IHHO
The nature of the compound denoted by the formula NNO' will be

investigated under the head of "doctrine of the anhydrides."
—See

page 295.

I will now place together the names which are supplied for these

five oxides of nitrogen by the systematic nomenclature that has been

explained at page 132.

Protoxide of nitrogen
Nitrous oxide

Laughing gas
Deutoxide of nitrogen
Binoxide of nitrogen
Nitric oxide

Nitrous gas
Nitrous acid

Hyponitrous acid

Peroxide of nitrogen

Hyponitric acid

Nitrous acid

Anhydrous nitric acid

Proposed Names.

NNO = Nitra nitrate

NO = Nitrate

NNO' = Nitra nitrite

NO'' Nitrete

NNO' = Nitra nitmte

Nitric Acid and the Niteates.

The constitution of nitric acid and the nitrates is explained by the

following examples :

Common Names.
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Composition of hydrated nitric acid by -weight :

I atom of hydrogen H = i = '016

I atom of nitrogen N = 14 = '222

3 atoms of oxygen O^ = 48 = *

7 62

63 I
• 000

In what manner the three atoms of oxygen are distributed between

the hydrogen and the nitrogen, with which they constitute hydrated
nitric acid, it is impossible to determine. The assumption that hy-
drated nitric acid = HNO^, contains anhydrous nitric acid, a compound
which I have described at page 293, under the formula NNO**, is quite

groundless. No evidence exists to prove that in this acid, and in the

nitrates generally, five-sixths of the oxygen is combined with the acid

radical, and one-sixth of it with the basic radical. Somebody's ipse

dixit is the only authority. We are therefore under no obligation to

believe in the theory that a nitrate consists of an acid and a base, and if

we consider it as a question of expediency, we find that, in the present
condition of chemical philosophy, the theory is inconvenient and un-

5atisfactory, and that the only thing which can be said in its favour is, that

it is an established error, which people have believed in for half a

century, and which they continue to believe in from deference to anti-

quity, and simply because it was believed in by generations of chemists

who have now passed away. That is the ground of their faith.

Doctrine of the Anhydrides.

I take the opportunity which is presented by this point, of saying
a few words respecting the constitution of the anhydrous acids, or as

they are now often called, the *'

anhydrides."
I have described a salt to be a compound in which an acid radical

is combined with a basic radical, either with or without oxygen. See

page 122. But besides the salts which occur of that normal character,
we find other salts, in which acid radicals act the part of basic radicals,

under condition of being supplied with a certain excess of oxygen.
This observation disagrees considerably with the doctrine that oxygen,
in agreement with the etymology of its name, is the acid-foi^mer. We
must, however, be guided in this matter, not by an etymology which
was founded on a misapprehension, but by the facts which investigation
discloses and proves to be true. We will examine a few of these facts.

I cannot go deeply into the subject, and indeed it is needless to do so

here, because I have discussed it fully in my Treatise on the Radical

Theory.
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Examples of Mixed Acids. Corresponding Anhydrides.

{c—ttl'^c'H-O'}
=C-«H..,CW + H,HO .,a,-ate.

These examples show that when mixed hydrated acids are acted upon
chemically so as to separate water, the results are precisely similar to

those which occur when single acids are acted upon. The new salts

contain in all cases, with tvoo radicals^ a greater quantity of oxygen than

is the property of tlieir normal salts. The concurrent evidence of these

various examples proves, that when acid radicals act the part of basic

radicals, they take up an additional dose of oxygen, one atom or two

atoms, according to their normal habitudes
;
and that the so-called

anhydrous acids, or anhydrides, are merely salts of an abnormal nature,

in which acid radicals act as basic radicals, under the controlling in-

fluence of additional oxygen. The notion that these anhydrous acids

are ingredients in hydrated acids must be abandoned unconditionally by
those who adopt the radical theory, or who admit the atomic weight of

oxygen to be coincident with the specific gravity of its gas. If the

atomic weight of oxygen is admitted to be 1 6, while that of hydrogen
is fixed at i

,
the existence and constitution of the anhydrides is sufficient

to disprove, once and for ever, the doctrine that "
salts are composed

of acids and bases ;" for NNO^ cannot possibly form part of HNO^.

Upon the determination of the atomic weight of oxygen rests, therefore,

in a great measure, the settlement of this long-pending discussion

respecting the proximate constitution of the salts. I, for one, am

clearly of opinion that the atomic weight of oxygen is 1 6, and that salts

contain neither anhydrous acids nor anhydrous bases.

Properties of the Nitrates,

The neutral nitrates are all soluble in water, so that they givefno

precipitates unless they contain precipitable bases. They are all de-

composed by sulphuric acid, and by heat, and they all deflagrate
with red-hot charcoal. See page 58. A few basic nitrates, that is to

say, nitrates with excess of bases, are partly insoluble in water.

Generally speaking, the nitrates are monobasic, but a iaw terbasic

and bibasic salts are known, as are also some peculiar double salts of

which nitrates are constituents. I refer the reader for an account of

them to my work on the Radical Theory.
Detection of Nitric Acid aid Nitrates. See page 91.
Direct Production of Nitrates.— 1). Oxygen and nitrogen can, in the

X
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presence of water, or of water and a powerful basic radical, be

made to combine, by the influence of the electrical spark, into a nitrate.

To prove this fact, it is necessary
to arrange an apparatus in the

form shown by fig. 298. The U-

shaped tube, filled with mercury,
is placed in two troughs, also filled

with mercury. You pass into the

knee of the tube a quantity of air

^^ •

and a little solution of caustic pot-
ash. The mercury of one vessel is then put into connection with an elec-

trical machine, and that of the other vessel, by means of an iron chain,

with the earth. The electrical machine is put into continuous action for

a considerable time, and after a great number of sparks have been passed,
it will be found that the solution of potash contains a certain quantity
of nitrate of potash.

—
Regnault.

2). Pass a current of ammoniacal gas, mixed with an excess of

atmospheric air, through a glass tube that contains spongy platinum.
No reaction takes place at the ordinary temperature of the air, but

when the platinum is heated, it gradually becomes red-hot, and pro-

duces vapours of nitric acid mixed with nitrous acid. If the platinum
is too strongly heated, it ])roduces nitrous acid only. If an excess of

ammonia is used, nitrate of ammonia is produced.
—Kuhlmann.

Preparation of Hydrated Nitric Acid.

Nitric acid is prepared by distillation from any of the following
mixtures.

. Purified nitre, 1 00 parts; oil of vitriol, 1 00 parts.

KNO^l _ JHNO^
2HS0'J

~
IKSO^-f HSO^

Theori/: KNO^l _ JHNO^

2. Purified nitre, 100 parts; oil of vitriol, 50 parts.

Theory: KNO^l _ jHNO^
HSO^f

-
IKSO*

3.
Purified nitrate of soda, 100 parts; oil of vitriol, 60 parts.

TJieori/ : NaNOM _ JHNO^
HSO^f

-
INaSO^

4. Purified nitrate of soda, 100 parts; oil of vitriol, 120 parts;

water, 30 parts.

Theory: NaNOM _ jHNO'
2HS0'f

-
tNaS0*4- HSO^
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When only so much sulphuric acid is taken as barely suffices to

decompose the nitrate, there always occurs a partial destruction of the

nitric acid, and though the product is strong, the nitric acid is mixed

with nitrous acid. When there is a double quantity of sulphuric acid,

so that the metallic salt remains in a state of a bisulphate, there is much
less loss of nitric acid, and the product contains less nitrous acid but

more water.

Whichever of these mixtures is preferred, the salt in coarse powder
is put into a plain retort, the capacity of which must be twice as great
as the bulk of the mixture. The neck of the retort is wiped clean

by a cloth tied on a stick, a long acid funnel, fig. F, 299, is put into it,

TJ

299.

and the sulphuric acid is poured through, so as to pass into the body
of the retort without soiling its neck. The retort is then to be inclined

in such a manner that the funnel can be withdrawn without dropping
the least acid on its neck. The retort is to be connected with a large

globular receiver, the neck of which must grip the retort as close as

possible, for no cork must go between them. A moderate heat is to be

applied by means of a sandbath placed over a lamp or gaslight, and the

temperature should never exceed 260*^. The receiver must be covered

with a cloth, B, and be well cooled by a stream of cold water run on it

continuously, as represented by fig. 299, letter D. For large quantities,

the apparatus shown by fig. 300 is useful. A is the retoft, contained

in a sandbath placed in a portable furnace. B is a globular receiver

covered with a net, the use of which is to spread the cold water over its

whole surface. This receiver must be very large and have a short neck,
in order that the beak of the retort may pass into the middle of the

receiver. C is a trough with cold water, i the pipe that supphes the

X 2
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cold water. The apparatus represented by fig. 301 is very convenient for

affording a current of water in such operations, c, c?, represent a stool,

300.

the height of wliich can be regulated to suit the elevation of the dis-

tilling apparatus, a is the water bottle, and b the stopcock to regulate

r^ s

zr

n

301.

rr-

^
302.

the supply. Fig. 302 show^s a quilled receiver^ which is sometime^

used in the distillation of nitric acid. The neck of the retort is passes;

through the side neck of the receiver, and the long spout is put into

a bottle or vertical receiver, plunged up to its neck in cold water.

A small quantity of nitric acid may be prepared, merely to illus-

ti'ate the process, by means of' the tube retort and receiver, shown in
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fig. 303. The materials are put into the retort, a, without soihng the

neck, the bent part of the receiver, d, &, is dipped into cold water, and

303.

a cold-water tube is put into the branch 6, as shown at page 213. The
nitric acid is collected at the bend c. A support for this apparatus is

described at page 76, and another at page 162.

The first tenth part of the total quantity of acid which the materials

can afford in any distillation, is to be fi.rst collected and set apart. Tt

contains muriatic acid and other impurities. When the drops of acid

that fall from the neck of the retort do not precipitate a solution of

nitrate of silver, pure nitric acid will be coming over, and may be

collected in a clean receiver. The distillation is continued as long as

any acid comes from the retort. Towards the end of the distillation

the acid again becomes less pure. When the retort is nearly cold,

warm water may be put into it, to dissolve the salt that remains (bisul-

phate of potash or sulphate of soda).

Fuming Nitric Add is a mixture of nitric acid and nitrous acid. It

is produced when nitre is distilled with only half the usual quantity of

oil of vitriol. See preparations Nos. 2 and 3, page 298. In examples
Nos. I and 4, an extra quantity of hydrated sulphuric acid is used, in

order to leave the alcali in the retort in the state of a bisulphate. In

that case, only common nitric acid is produced, but the process is more

economical, because the product of nitric acid is much greater, none of

it being decomposed to afford the nitrous acid necessary to convert the

ordinary nitric acid into fuming nitric acid.

Impurities contained in commercial Nitric Acid.—Nitrous Acid, known

by its yellow colour. Separable in part by boiling in a retort, when
nitrous acid and a little nitric acid distil over together. Chlorine ;

gives a precipitate with solution of nitrate of silver. Separable like

nitrous acid by boiling in a retort. Sulphuric Acid; gives a precipitate
when diluted and tested with solution of nitrate of barytes. Separable

by re -distillation with a little additional nitre. Or when chlorine is also

present, the nitric acid may be diluted to sp.gr. i'42, precipitated
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with nitrate of silver and nitrate of barytes, decanted and distilled.

Iodine ; Neutralise the nitric acid with potash, add a little starch, and

then sulphuric acid drop by drop slowly. A blue colour is produced.
Fixed substances are detected by evaporating a little of the acid to

dryness. Pure nitric acid is entirely volatile.

Preparation of concentrated Nitric Acid.—We obtain nitric acid at

its highest degree of concentration, by mixing acid of sp. gr. i
•

448,
for example, with 5 parts of concentrated sulphuric acid, and distilling

at a temperature not above 300° F. There goes over nearly nine-tenths

of the weight of the nitric acid employed, at sp. gr. 1*52, which we

may distil as often as we please with sulphuric acid without causing

any further alteration.

We can in this manner concentrate the Nitnc Acid of commerce.—
After one or two distillations, Ave obtain acid of the density of i

•

52.
To take away the Yellow Colour.—The acid thus prepared has some-

times a yellow colour, but it arises more from the influence of the light
than of the sulphuric acid. To render it colourless, it is only necessary
to add a little peroxide of lead. The nitrate of lead produced is in-

soluble in the acid, and falls to the bottom.

Properties of Nitric Acid.—A colourless fuming liquid decom-

posable by light ; odour, pungent and peculiar ; taste, excessively sour

and con'osive; it colours litmus red; acts very destructively on organic
bodies

;
communicates a yellow colour to such as contain nitrogen, for

example, the human nails and skin, also feathers, horn, silk, wool, cork,

and indigo. When concentrated it abstracts water from the atmosphere.
Its specific gravity is about i '521. Most commonly it is of a yellow

colour, in consequence of containing nitrous acid.

The following Table shows the composition of the most important

compounds of nitric acid with water.
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NiTEic Acid. Table A.

Test Atom HNO^ =
63 grains.

Specific

Gravity
of the

Acid.
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There are three definite hydrates, marked in the table Aq^, Aq^,

Aq^. These are as follows :

Aq^ = HNO' The strongest acid

Aq« = 2HN0^ -f Aq
AqC = 2HN0^ + Aq^

This last compound is the acid that distils without alteration of

strength. Its boiling point is 248^^ F. A stronger acid is weakened

by boiling, and a weaker acid is strengthened by boiling, till both come
to sp. gr. I -42, or the strength of 1 10 test atoms per decigallon, when
the maximum boiling point of 248° F. occurs. The commercial liquor
termed aquafortis is weak and impure nitric acid. Single aquafortis
has commonly a strength of about 50 test atoms per decigallon, and

double aquafortis a strength of about 90 test atoms. When strong
nitric acid is diluted with water, condensation is effected, and heat is

disengaged. Acid of sp. gr. 1*521 mixed with snow produces heat.

Acid of sp. gr. i '42 mixed with snow produces cold.

The table shows a variety of particulars respecting diluted nitric

acid, which are interesting, both in a chemical and a commercial sense.

I have used the term test atom to signify an atomic weight expressed
in English grains, and I have marked the bulk in septems of the test

atom of each solution to make evident how much by measure of any

given diluted acid must be taken to obtain a specific quantity, namely,
an equivalent, or 63 grains of actual acid. Column 5 shows this

atomic measure for each solution. These measures are all equivalent in

chemical strength to each other. They each represent 63 grauis of

H,NO^ ; so that by dilution in a test mixer any strong acid may be

readily and exactly reduced to the strength of any of the weaker acids.

6 '45 septems of acid of 155 atoms reduced with water to the bulk of

100 septems produces acid of 10 atoms. See the general notice of

Centigrade Testing, commencing at page 97 of this work.

Columns 6, 7, and 8 of Table A relate chiefly to commercial matters.

Liquid acids and liquid ammonia are sold by the pouiul^ and it is con-

sequently necessary to understand the relation between chemical testing

according to measure, and money value according to weight. In

column 8, it is assumed that the money value of nitric acid is fixed in

relation to the acid of sp. gr. 1*5. Of course all other acids are

worth less and less according to the falling off in the proportion of real

acid which they contain, as shown by column 7. Thus, if acid of

155 atoms is worth I'oo, then acid of 66*88 atoms is only worth
•

50, because one pound weight of it only contains half as much HNO*
as one pound weight of the former acid.

But this relation of money value to the absolute quantity of acid is

true only at the place of manufacture ; so that when the acid is to be

transported to a distance, another element must come under considera-



I
PROPERTIES OF NITRIC ACID. 305

Thus, taking, for example, the same two acids, column 5 shows

that the same quantity of acid which, when of the strength of 155
atoms, fills 6*45 carboys, will, when of the strength of 66* 88 atoms,
fill 1 5 carboys. Hence the cost of carboys, freight, and charges inci-

dental to the transport of acids, rises in the proportion of nearly two to

five
;
a fact which intimately concerns the money value of the acid at

any distance from the place of manufacture.

The method of estimating the strength of acids by chemical testing
is so much more accurate than that by the use of the hydrometer, that

for laboratory use, the chemist may depend solely upon it, and neglect
to observe the specific gravity of his solutions. The following Table of

the strength of nitric acid includes only purely chemical considerations,

and is so constracted as to enable the chemist to tell readily the strength
of any given sample of acid, and to prepare by dilution acids of any
other power required for a special purpose.

iN'iTRic Acid. Table B.

Test Atom HNO^ = 63 grains.

Grains
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Berzelius, fixing oxygen at loo, and water at 112*48, that acid which
I recommended for centigrade testing, and which I called acid of 100

degrees, was equal to 12^ test atoms of the present scale. In many
cases I recommended acid of half that strength, equal to 6i test atoms
of the present scale. This relation applies to all the acids. What I

now propose to do, having adopted a new scale of atomic weights,
to which these broken numbers do not conveniently apply, is to

adopt as a general standard for acid and alcaline solutions, liquors
which contain Jive test atoms per decigallon. A solution of that

strength is readily prepared by diluting one atomic measure, or one

test atom, of an acid, to the bulk of 200 septems, or five test atoms

to the bulk of 1000 septems, as shown by the table. In some

instances, acids of the strength of 10 test atoms in a decigallon may
be used ; but, for general testing, liquors of

5
test atoms per deci-

gallon will be found most convenient. The Table on page 305 shows
that nitric acid of this strength contains '315 grain of HNO^ in every

Septern.

It rarely happens that the strength of an acid, as found by experi-

ment, agrees exactly with any acid that is quoted in the tables. That

would often happen if the tables were enlarged to ten times their

present extent. But such occurrences offer no obstacle to the use of this

system of testing. Let it be supposed, for example, that you test a

specimen of aquafortis, and find its strength to be 85 test atoms per deci-

gallon. This gives the number required for column 2 in Table B.

To find the number for column i, you have only to multiply 85, the

number of test atoms in a decigallon, by 63, the number of grains of

acid constituting i test atom
; the product which you obtain is 5355.

This is the number of grains of HNO* contained in 1000 septems, and

when pointed to 5*355, it expresses the weight of acid which is present
in I septem.

To find the atomic measure of the acid, the number that is required
for column 3 of Table B, it is necessary to divide 1000 by the ascer-

tained number of test atoms, which in this case is 85 ; the product is

the number required for the table, namely, looo-f- 85
= 11 '8. But

the easiest way to find this number is to seek it in a table of reciprocals,

which I give for that purpose in page 307. Of course this table of

reciprocals serves equally well for all test liquors. Referring to 85 in

the series of numbers, you find against that number in the column of

reciprocals the number 11 '8, which is the required atomic measure of

this particular acid, or that number of septems which contain one test

atom of that acid of which 1000 septems contain 85 test atoms. This

completes the numbers required for a line of Table B. If you want the

relations that are shown by columns i, 2, 6, 7, 8, of Table A, then

determination of specific gravity must be made, and calculations proceed
thereon. Here, again, the table of reciprocals comes sometimes into
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action; for example, the figures in column 6 of Table A, are the

reciprocals of the numbers in column i ,
and the figures in column 5

are the reciprocals of those in column 4.
Determination of the strength of Nitric Acid hy Centigrade Testing.

Preparation of Nitric Acid of special degrees of strength.
These two subjects have been fully explained in the general article on

Centigrade Testing. See page no.
Oxidising power of Nitpjc Acid.—Although nitric acid is one of

the strongest acids, it is very liable to suffer decomposition, giving ofi^"

its oxygen to other combustible substances. It is what is called a

powerful oxidising agent, and it is therefore proper to examine what this

term signifies.

a). Heat a little sublimed sulphur with strong nitric acid in a glass
tube. Effervescence takes place, red fumes of peroxide of nitrogen are

formed, and the sulphur disappears. The liquor in the tube then

contains sulphuric acid, and may be tried by the proper tests for that

acid.

Theory : Trxmsi (HSO* Sulphuric acid

3^^^gUiHH0 Water
*"

^

(3X0* Peroxide of nitrogen

5). In a similar manner, phosphorus can be converted into phos-

phoric acid.

c). Upon a quantity of granulated tin, pour concentrated nitric acid,

a little at a time. Red fumes appear, and the tin is converted into

a white oxide, but it does not dissolve
;

for when tin is oxidised, it

becomes permanently insoluble in acids, unless at the instant of produc-
tion it is in the presence of a quantity of acid and water sufficient for

its solution.

Theory : HNO'l _ I SncHO hydrated oxide of tin

Sncj
~
[NO* peroxide of nitrogen

d). Galena, or black sulphide of lead, reduced to fine powder, is to

be heated in a small flask with strong nitric acid. Red fumes appear,
and after a time the black powder is changed to a white powder. PbS
is converted into PbSO*, or sulphate of lead

;
the necessary oxygen

being abstracted from a portion of decomposed nitric acid. This

product is insoluble in water.

Theory : HNO'] (

PbSO« sulphate of lead

HN04 = iHH0 water

PbSj [nNO' nitrous acid

e). Litharge is dissolved in nitric acid without the production of

red fumes. The solution, mixed with a little sulphuric acid, such as

that produced in experiment a, gives a white precipitate similar to the

insoluble product of experiment d.
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eori/ :
—The reason that no red fumes are |)roduced in experiment

e is, that Htharge is an oxide of lead, and therefore is capable of dis-

solving in nitric acid without further oxidation. In consequence, we
avoid the waste of acid that occurs when substances require to be

oxidised by the acid previous to solution.

First reaction.

HN04 = <^PbN0^r*'^^"^^^'^^
PbPboJ (hHO water

I

Second reaction.

PbNO") _ J
PbSO^ sulphate of lead

HSO^f~tHNO^ nitric acid

Solution of copper in nitric acid. See pages 41 and 2 1

rm n ) i^ Cuc,lS!"0' nitrate of copper

^
] [

NO nitric oxide.

g). Into a little nitric acid put a piece of chalk, or carbonate of lime.

Effervescence and solution take place, but the gas given off is not in red

fumes.

Theory :
—In this case, therefore, the nitric acid is not decomposed.

The gas given off' is carbonic acid from the chalk, and the lime, or

oxide of calcium, combines with the nitric acid, and forms nitrate of

lime.

p. ^^Jfv3 fiiitrate
or lime

HHO water

CO^ carbonic acid

CaCa,CO^

H,NO^
H,NO^

h). Oil of turjjentine poured into strong nitric acid bursts into flame.

This experiment should be performed in the open air
;
the acid must

be put into a gallipot, and the turpentine be held in a bottle tied to the

end of a long stick. A little oil of vitriol should be mixed with the

nitric acid.

Theory :
—The reactions in this case are too complicated to be readily

explained in an equation. I cite the experiment as one which proves
the energy with which nitric acid can act, rather than as one which

affords important theoretical conclusions.

i). Many other organic bodies—wool, feathers, wood, indigo, &c.—
can be decomposed or greatly changed in constitution by the action

of nitric acid. Some of these will come under our notice in other

sections.
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Nitric Acid coxsidered as a Solvent.

Next to water, nitric acid is the solvent which is most generally-

useful. There are few substances which do not yield to its energetic

action, and as nearly the whole of its compounds are soluble in water,

they are well adapted for presentation to the action of re-agents.

Things to he observed regarding this Solution.

I
.)

Different effects are produced by nitric acid when used of different

degrees of concentration, or when acting at difieretit temperatures. A
metal dissolved in diluted and cold nitric acid produces a solution of

protonitratey or nitrate of the basylous radical. The same metal dis-

solved in concentrated and hot nitric acid, yields a solution of per-

nitrate, or nitrate of the hasylic radical. Earths, oxides, and salts

generally dissolve more readily in diluted than in concentrated nitric

acid.

2.) In effecting the solution of any substance in nitric acid, it is

necessary to avoid su})erfluous acid. To do this, you take care to add

to the solid which is to be dissolved, not too much acid at a time. If

too much acid is added inadvertently, it should be expelled from the

solution by subsequent evaporation.

3.) Carbonic Acid Gas is disengaged with effervescence during the

solution of carbonates in diluted nitric acid. Commonly, the solution

is effected in cold acid, but several native crystallised carbonates and

strongly calcined carbonate of barytes, dissolve only in warm and

moderately strong nitric acid. Carbonic acid gas is colourless and

inodorous, and reddens litmus.

4.) Sulphuretted Hydrogen Gas is disengaged during the solution of

sulphides. This gas has a strong and disgusting odour.

5.) Hydrogen Gas is disengaged during the solution of iron and some

few metals in diluted nitric acid. This gas differs from others here

produced, by want of colour, of odour, and of action on litmus paper.

6.) Nitrous Acid Gas in red fumes is disengaged during the solution

of many metals and other oxidable substances.

-y.)
Chlorine Gas (pale green) is disengaged in company with nitrous

acid gas when chlorides are heated with strong nitric acid.

8.) Violet Vapours of Iodine are disengaged in like manner from

iodides.

g.) Brown Vapours of Bromine in the same way from Bromides.

10.) The solution of the substance may he partial. What remains

undissolved may be an admixed insoluble substance, such as the matrix

of a mineral, or an adulterant, such as heavy spar in white lead
; or it

may be a product of the operation, as boracic acid, produced by the

decomposition of a borate
;
oxide of tin, produced by the oxidation of

metallic tin ; sulphur, separated from a sulphide ; silicia, sepai'dted

from a siliceous mineral, and so on.
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I.) Concentrated solutions, upon cooling, frequently deposit salts in

crystals, which redissolve upon the addition of water.

12.) The addition of water to clear solutions of bismuth and proto-
nitrate of mercury, precipitates a subsalt, unless a sufficient excess of

nitric acid is present.

13.) The colour of the solution sometimes indicates the metal which
it contains. Thus, a clear blue indicates copj^er, red indicates cobalt,

green indicates nickel, and so on. See page 212.

14.) The neutrality of the solution is to be tried with test papers.
It can only be perfectly neutral when the dissolved substance is an
alcaline earth or an alcali, and has been used in sufficient quantity to

saturate the nitric acid. All metals and all non-alcaline earths produce
solutions possessing an acid reaction.

15.) The characters of a number of substances which dissolve in

nitric acid are so very equivocal that they are liable to be readily mis-
taken for other substances. There are certain phosphates, borates,

sulphates, arseniates, arsenites, and chromates, which do not dissolve in

water, and the solutions of which substances in nitric acid behave
towards alcaline precipitants much in the same way that the metallic

oxides producible by the bases of the same insoluble salts behave
towards the same re-agents. Hence these insoluble salts are apt to be
mistaken for their mere bases, and their acids are liable to be over-

looked.

Substances Soluble in Diluted Nitric Acid.

Acid diluted with twice its bulk of water.

Metals. All such as are readily oxidised.

Alcaline Earths.

Earths proper. Except after they have
been strongly ignited.

Metallic Oxides. Except the oxides of Tin

and Antimony.
Peroxides partially. Thus, Peroxide of lead

partly dissolves, and partly precipitates
as peroxide of lead. The addition of

sugar to the hot acid prevents this pre-

cipitation by reducing the peroxide.
Siliceous Minerals. A good many suffer

decomposition when heated in diluted

nitric acid. The base dissolves and the

silica is deposited in a gelatinous form,

and can be rendered insoluble by eva-

poration to dryness.
Salts of Non-metallic Oxygen Acids, which

do not dissolve in water, such as Phos-

phates, Borates, and Carbonates, basic

and neutral.

Salts of the Metallic Acids.

Bromides' I

^^*^^*' °^ those which do not

Iodides
'

r
^'^-^^^^'^ ^^1 wa*«^. ^oth

Fluorides, J
b'^^'« ''''^ ^^•^ti-al.

Sulphides. All such as give sulphuretted

hydrogen gas when treated with diluted

acids.

Substances Insoluble in Diluted Nitric Acid.

Metals which are oxidised with difficulty.

Sulphnr, Selenium, Charcoal.

Peroxides of Tin, Antimony, Titanium, and

Iron, after strong ignition.
Earths proper, after strong ignition.
Peroxides of Metals, many.
Sulphides. Most of those which are in-

soluble in water, excepting those of

Manganese, Iron, and Zinc.

Metallic Acids which do not dissolve in

water, namely the acids of

Tungsten.
Titanium.

Silicon.

Antimony.
Tantalum.
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Barytes, the sulphate and seleniate.

Strontium, ditto, but less completely.
Lime, ditto, but partially soluble.

Silver, chloride, bromide, iodide, cyanide

Fluorspar.

Lead, the sulphate, slightly soluble.

Substances Soluble in Concentrated JSfitnc Acid.

i Mercury, the /)/-ofochloride, bromide, and

I

iodide.

; Siliceous ^linerals, most of them.

i

Salts of Metallic Acid5, the acids insoluble,
I but the basic radicals abstracted by the

nitric acid.

2:r. not below 1*25.

All substances that dissolve in diluted

nitric acid, excepting compounds of lead

and barium, the nitrates of which
metals are insoluble in concentrated

nitric acid.

All Metals, except Gold, Platinum, Li-

dium. Rhodium, and Cryst, Titanium,
which do not oxidise, and Tin, Anti-

mony, and pulverulent Titanium, which

produce solid white oxides.

Sulphur, which slowly produces sulphuric
acid.

Selenium, which produces selenic acid.

fAll those of which the

metals produce soluble

nitrates, except the sul-

phide of mercury, and

those which produce in-

soluble sulphates,such as

the sulphides of barium,

strontium, calcium, and

lead, which are for the

most part deposited in

the solution in the state

of sulphates. The two

last can be dissolved by
a large addition of

[ water.

Sulphides,

Selenides,

Phosphides,

Chlorides, \



NITRITES AND NITROUS ACID. 313

Nitrites and Nitrous Acid.

The composition of nitrous acid has been explained at page 291.
The nitrites are salts in which the basic hydrogen of the hydrated
nitrous acid has been replaced by a metallic radical. Examples :

HNO* hydrated nitrous acid

KNO* nitrite of potash

AgNO* nitrite of silver.

The nitrite of potash is obtained when nitrate of potash is exposed to

heat in a retort. Oxygen goes off, and nitrite of potash remains. See

page 166. The residue of the operation there described is digested in

alcohol, which dissolves nitrite of potash KNO*, but not nitrate of

potash KNO^ If the solution of nitrite of potash is mixed with a

solution of nitrate of silver AgNO^ we obtain a precipitate of nitrite of

silver AgNO'^ ; nitrate of potash KNO^ remaining in the solution.

The nitrites are an unimportant class of salts.

Amidogen, Ammonium, Ammonia.

The radical nitrogen combines with other radicals to produce com-

pound basic radicals. In doing this, it controls the affinities of those

other radicals to such an extent that their ordinary saturating capacities

are totally paralysed, and remain paralysed as long as the combinations

endure. This power of control nitrogen exercises in two degrees.
First degree.

—One atom of nitrogen combines with two radicals to

form a triple compound, which may be represented by the formula

NMM, which compound, consisting of three radicals, has a saturating

power equal of that of one radical
;

in other words, the saturating

capacities of the two radicals MM are paralysed, and the radical N alone

retains its saturating power.
Second degree.

—One atom of nitrogen combines with four radicals

to form a quintuple compound, which may be represented by the

formula NMMMM ; which compound, consisting of five radicals, has

a saturating power equal to that of one radical; so that here the

saturating capacities of four radicals are paralysed.
The symbol M in these formulae signifies hydrogen, or any metal, or

any hydrocarbon which has, separately, the properties of a radical, either

positive or negative ;
but the metalloids CI, Br, I, the element oxygen,

and all nitrogenous compounds are excluded from the number of the

radicals that can combine with nitrogen to produce the two orders of

compound radicals which are now under consideration. This exclusion

is
strictly insisted upon, because many chemists allow themselves a very

great and very injurious licence in this particular.
The compound radicals NH* and NH*, and their equivalents NM* and

Y
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NM*, cannot exist alone, but each of them has extensive powers of

combination, and each can be readily converted into the other. I have

treated of these compounds at great length in my work on the Radical

Theory, and I can only touch here upon the more important particulars.

Amidogen.—This is the name commonly given to the radical NH*.
Ammonium.—This is the usual name of the radical NH*.
Both radicals are subject to change their hydrogen for other radicals,

and produce many varieties of vice-radicals^ which have the same

saturating capacity as the normal radicals.

Examples.

NH* produces NHM. NMM.
NH* produces NH^M. NffM^ NHM'. NM*.

In each case M may be either a metal or a hydro-carbon.
I propose to give to the compounds formed on the model NH*, the

name of Amids^ and to those forme<.i on the model NH* the name of

Ammons.
As amidogen and ammonium do not exist in an isolated state, we

can only study them in the condition of salts. I shall treat of the salts

of the former under the head of Ammonia, and of the latter under the

head of Ammonium, among the basic metaUic radicals.

Ammonia.

Symnymes, The Volatile Alcali, Spirit of Sal Volatile, Spirit of Harts-

horn. Formula, NH*,H. Atomic weight, 17. Specific gravity of

gas, 8*5. Atomic measure, 2 volumes.

Occurrence.—In sal ammoniac
;

in coal tar
;

in the urine of animals,

especially of birds and reptiles ;
in guano ;

in most animal substances,

bones, horns, feathers, &c. ;
in a few minerals ; and in the air of the

atmosphere in small quantity (about one volume of ammonia in twenty-

eight millions of volumes of air).

Properties.
—In the gaseous state it is colourless and transparent;

has a powerful stinging odour
;

is unfit for respiration, and destructive

of animal life
; has a strong alcaline taste ; gives a brown colour to

turmeric paper, which vanishes in the air ; is reducible by cold and

pressure to the state of a thin colourless liquid ; dissolves rapidly and

in great quantity in water and in alcohol ;
is very slightly combustible;

does not support the combustion of other bodies. When mixed with

acid gases, it forms thick white clouds. The specific gi*avity of its gas

is&'5. Its chemical equivalent is 17. Hence its atomic measure it

two volumes. Its ultimate constitution is three volumes of hydrogcr
and one volume of nitrogen.
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Ammonia is commonly called a hose. It is more correct to call it a

SALT, and to consider its components to be the radical amidogen =
NH*, and the radical hydrogen = H.
The radical amid = NH^, and the salt ammonia = NH^,!!, are subject

to have part or the whole of their hydrogen replaced by compound
radicals. The following are examples :

—
NH,C*H^ H = Acetylamine
NH,C^H^ H = Ethvlamine

NH,Cff; H = Methylamine
NH,C«ff ;

H = Phenylamine (Aniline).

These salts may all be considered as the equivalents of ammonia
;

they are volatile, and they each possess an atomic measure of two
volumes. But similar compounds exist which contain metals or other

non-volatile radicals, and which do not form gases.

Example :
—The amid of potassium

= NHK
;
H, This is con-

verted by water into caustic potash and ammonia.

NHK
;
H -f. HHO = KHO -f NH^H.

Compounds of Ammonia.—Ammonia, as I have said, is a salt, and
not a radical. It is the hydride of amidogen. In the state of gas, its

atomic measure is two volumes, which in itself is almost a proof, and

certainly affords a strong presumption, that it is a compound of two
radicals.

When ammonia goes into combination, it does not combine as a basic

radical with an acid radical to produce a simple salt, but it combines as

a complete salt with another complete salt to produce a compound salt.

The consequence is, that the volatile double salts which are formed by
ammonia have in all cases an atomic measure of four volumes, because

each double salt contains four radicals. The only exceptions among
the gaseous ammoniacal salts to this atomic measure of four volumes are

where the salts possess radicals which lose their measure in combination,

as, for example, is the case with sulphur. Examples of these double

salts are given in the table of gases at page 142. Let us examine sal-

ammoniac, or the hydrochlorate of ammonia, as a model of this series of

compounds. Its formula is NH',H + H,C1. We have here the whole
materials of two salts, the hydride of amidogen, which of itself is

known to measure two volumes, and the hydride of chlorine, or hydro-
chloric acid, which also is known to measure two volumes. These two

salts, known to exist separately, and each having the measure of two

volumes, combine without condensation to produce the double salt, the

hydrochlorate of hydride of amidogen, which has consequently an atomic

measure of four volumes, because it is a compound of four radicals, none
of which possess the powers of condensation, which I have described at

page 138, as characteristic of certain other radicals. In the compound
y2
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(NH* + H) + (H 4- CI) there is no condensation, except that which
is exercised by nitrogen in the production of the radical NH*.

All this seems to be intelligible.

But upon this explanation there follows a difficulty. When sal am-

moniac is brought into the state of solid crystals, it forms a compound
which, in its form, and in many of its chemical characters, closely agrees
with the salt that is called chloride of potassium. Now, chloride of

potassium is considered to be a direct compound of potassium with

chlorine, a Unary compound in accordance with the formula KCl
;
and

we have to account for the peculiar circumstance, how it is that a

compound of two radicals, a simple salt = KCl, should appear to be

the counterpart of a salt, the gaseous properties of which indicate it to

be a double salt of the formula NH*,H + H,C1. The only rational

explanation of this difficulty seems to be, that the radicals which con-

stitute sal ammoniac form in fact, under different circumstances, two

different salts. In the gaseous state, they produce a double salt, the

hydrochlorate of hydride of amidogen = NH*,H -}- H,C1 ; and in the solid

and aqueous states the elements undergo re-an-angement and produce
a simple salt = the chloride of ammonium, NH*, CI. In other words,
the gaseous salt contains amidogen, and the solid salt contains ammo-
nium. In the solid state, the governing power of the nitrogen is

exercised over H*
;

in the gaseous state, it is restricted to H*. Ad-

mitting the facts that the salts of the vice-amids are frequently volatile,

while those of the vice-ammoniums are invariably fixed, this explanation
is quite in accordance with our experimental evidence, and approaches
as nearly to demonstration as circumstantial evidence can be reasonably

expected to do.

Gerhardt^s Ammonia Type.

Gerhardt, and after him Hofmann and other eminent chemists, have

explained the constitution of ammoniacal compounds by reference to

a formula which is called the ammonia type. I consider the doctrine to

be fallacious and injurious. In my work on the Kadical Theory, I have

examined it in detail. I avoid it here entirely because explanation is

impossible without the introduction of multitudinous details.

Preparation of Ammonia Gas.

I
.)

Put hquid ammonia into a flask, and heat it. The gas is rapidlj

disengaged.

2.) Take one part of sal ammoniac and one part of quicklime, each

separately powdered. Mix them intimately by a rapid pounding ic

a mortar and introduce them into a glass flask. Apply a gentle heat

and the gas will soon be evolved. If this gas is conveyed into water,

it is rapidly absorbed : the water acquiring the properties of what I'

known by the name of liquid ammonia. The gas cannot, therefore, Ix
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collected over water. It may be collected over mercury, or less accu-

rately by the displacement of air.

Theory of the production of Ammonia :
—

o , . (NH*,Ch fNH«,H + NHSH Ammonia
Sal ammoniac

|nH*,CiI = icaCl + CaCl Chloride of calcium

Lime Ca,CaOj (HHO Water

Method of drying Ammonia Gas.—The sal ammoniac and lime are

put into the flask a, figure 304, the receiver b is empty, and the tube c

^^^^a^^^m^

304.

is filled with lumps of fused caustic potash. Heat being applied, the

operation proceeds. Part of the water is condensed in the receiver 6,

and the rest is absorbed by the potash in the tube c. Chloride of

calcium cannot be used to dry this gas, because the two compounds
act chemically upon one another. The ammonia gas escapes from the

potash tube c in a perfectly dry state, and is ready to be collected over

mercury.
Collection over Mercury in Coopers Receiver.—This method of col-

lecting the gas is shown in figure 306, where, however, the interme-

diate drying apparatus is not represented ;
a is the flask in which the

ammonia is prepared ;
cZ c? is Cooper's Mercurial Receiver, which may

be 1 2 inches long, and three-quarters of an inch wide
;

h is the gas

leading tube
; and e f e f ^xq two tube-holders, similar to figure 55,

page 76, by which the vessels are held together in suitable positions.
At the beginning of the operation, the receiver d d \s filled with

mercury, and a basin is placed below the mouth of it, to catch the

mercury as it is displaced by the gas. The operation is stopped when
the gas fills the tube nearly to the bend.
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In figure 306, letters d d do not represent the best form of Cooper's

gas tube. Figure 305 shows it more accurately.

Mercurial Trough.—Figures 307 and 308 represent a horizontal and

a vertical section of a stoneware mercury trough, which can be worked

307.

with five lbs. of mercury, and be used with gas cylinders as large as six

inches long, and one inch in diameter. There sliould be a set of six or

"^"

3oi

eiffht cylinders, from the size just mentioned down to one inch in length
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}jy one-third of an inch in width. These should be made of strong

glass tubes, smooth or ground on the edge, and some of them graduated
to show hundredths or tenths of a cubic inch, or

^^^_
_. -_

___^^

divisions such as are recommended at page 141. [^^==^^1
See figures iii, 112, 113. The trough is placed V-___ ^ V
for use in a flat earthenware pan, figure 309, to ^'

catch any mercury that may flow over its edge,
^°9-

and there must be at hand a few porcelain trays, figure 310, one inch
and a quarter in diameter, in which to lift tubes filled with gas, and
confined by a little mercury. See page 168. In

using this trough, the gas tube is filled with mer-

cury and inverted over the shelf, a, figure 308.
The point of the gas-delivering tube is put under

the shelf at 0, upon which the gas rises through the hole, e, and fills

the tube placed above it. The tube when filled with gas can be slid

off the shelf into the little tray, and set aside while other tubes are

being filled in succession.

Figure 311 represents a complete apparatus for operating in this

manner. Letter a represents a hard German glass tube, about one

310.

311.

inch wide and six or seven inches long, containing the mixture that is to

generate the ammonia gas ;
b is the gas-delivery tube

;
c is a glass

'

receiving tube, filled with mercury, and inverted in the mercurial trough
d. This- trough agrees in section with figure 308, but only with the

interior lines in figure 307. The outer lines in figure 307 represent a

raised addition to the mercury trough, intended to prevent the overflow
of mercury when the rising gas expels the metal from the receiving
tube. That overflow is, however, of no consequence when the trough
is placed, as it always ought to be, in a pan, like figure 309. Letter e

represents a form of wooden tube-holder which is very convenient in

such operations as the present. / is a gas burner to supply the heat
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required to effect the liberation of the gas. It is supported on a

wooden block.

Collection of Ammonia Gas by displacement of Air.—Gases that are

lighter than atmospheric air, such as ammonia, can be collected in a

state of sufficient purity for some experiments as follows :
—

The gas-delivery tube is made narrow, long, and quite straight,

and passes directly upwards from the gas bottle, as shown in

figure 312. The gas receiver is brought over this tube, and

forced down till the tube touches the top of the receiver.

The light gas escaping from tiie tube, settles at the upper

part of the receiver, and as its quantity increases, it gradually

depresses the atmospheric air, and finally drives it wholly

f
' '

)
from the receiver. By holding a slip of wet turmeric paper,

I I

I I or red litmus paper at the mouth of the jar, you easily ascer-

|j^] J tain when it is fi^iU of ammonia, because the test paper then

changes colour. The yellow turmeric turns brown, the red

litmus becomes blue. A jar that is to be filled in this manner

may be supported by a perforated plate of tin or glass, figure 313, laid

on the ring of a retort stand. The gas-delivering tube is put up

through the hole in the plate. Gases thus collected

may be secured by shallow trays containing a little

mercury, or by plates of greased glass, or in bottles with

greased glass stoppers or sound corks. But they always
contain a certain admixture of atmospheric air.

When a globular flask, of the form shown in figure

316, is thus to be filled with ammonia, the gas-delivery
tube must be long enough to reach to the top of the

globe when it is held in the inverted position shown by the figure.

Experimental Illustrations of the Properties of Ammonia.

A. Its Solubility in Water.

I
.)
A gas tube or small stout jar filled with the gas, and standing

313.
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in a tray full of mercury, as shown in figure 314, is depressed into a

basin of water, until the mouth of the tube is below the surface of

the water. The jar is then lifted from the mercury in the tray, upon
which the water rashes up into the jar with violence, and if the gas
is pure it disappears entirely. One measure of water dissolves above

600 measures of gas. If the water is previously slightly reddened by
litmus it turns blue after the absorption of the gas. If the jar is not

of very stout glass, it is sometimes broken by the violence of the con-

cussion. For that reason it should be held with a cloth, as shown in

figure 315. The presence of a bubble of atmospheric air diminishes

the violence of the shock.

2.) A globular bottle is filled with ammonia gas,
and is stopped by a cork traversed by a narrow

glass tube, having a very small opening at the end

put within the bottle. The external end of the tube

is put into red litmus water, upon which the water

produces a jet or fountain in the bottle : see figure

316. The bottle ought to be chosen of stout

glass, to give it strength to stand the shock of the

water. But when the gas is put into it by dis-

placement, there is always present as much ad-

mixture of atmospheric air as sufiices to moderate
the action of the water.

3.) Displace a little mercury from the open end
of Cooper's Receiver, figure 305, and fill the space
with a few drops of water. Close the mouth of

the tube with your thumb, and incline the tube so

as to pass a little of the gas, bubble by* bubble, in-

to the water. The gas disappears instantly. Red
litmus paper, dipped into the resulting solution,
becomes blue, and the solution will be found to have the smell and
taste of hquid ammonia. Remove the liquor with a pipette, care-

fully dry the tube with blotting paper folded on a wire, and fill up the
receiver with mercury, taking care to prevent any water passing into
the body of the tube, else the whole gas will be absorbed.

4.) Other experiments can be made with Cooper's Re-

ceiver, by bringing small quantities of the gas successively
into the short tube for trials. To do this, the short tube is

filled with mercury, and closed with the thumb, and then
the long tube is inclined so as to throw a little of the gas
into the short tube, from which an equivalent bulk of

mercury passes at the same moment back into the long tube.

5.) A tube full of ammonia being on the shelf, a, of
the trough, figure 30S, a tube of the size of figure 317 is

filled with reddened water and put into the mercury, so that the mouth

317.
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of the tube goes down to the space, o. The trough is widened at i in

front of the shelf to admit the finger and thumb of the experimenter, to

manage the tube for this pui-pose. The tube being forced down into

the space, o, i, the water rises from it through the hole, e, the gas is

absorbed, and the mercury rises to fill the tube. The tube used to

contain the ammonia for this experiment must be of very stout glass,
and the trough should be previously filled with mercury.

6.) If a bit of ice is passed up into ammonia gas confined over

mercury, the ice melts immediately, and rapidly absorbs the ammonia.

B. It extinguisJies flame, but is sligldly combustible.

7.) Try it in the same manner as hydrogen gas. See page 199.
It will be seen that the flame is much enlarged before it is extinguished,

showing the combustibility of the ammonia.

8.) Close the mouth of Cooper's Receiver with the thumb, bring
round into the short limb a small quantity of gas, and insert an inflamed

splinter of wood, the light of which will be extinguished.

9.) Ammonia gas issuing from a narrow tube, if inflamed in a jar

containing oxygen gas, burns continuously with a yellow flame.

C. It combines with acid gases.

10.) Warm a small flat-bottomed porcelain capsule, put into it a

few drops of muriatic acid, and set over it a tube full of ammonia gas,
in the manner shown by figure 314, given in experiment i. The tube

will immediately be filled with a dense white fume. In this experi-

ment, muriatic acid gas and ammonia gas combine and form solid sal

ammoniac.

Theory : NH^H -f- H,Cl = NH*,C1

1 1
.)
A glass rod dipped in hydrochloric acia and held over a vessel

from which ammonia is escaping, manifests its presence by a white

cloud.

12.) If carbonic acid gas and ammonia gas are mixed together, they
condense into a solid white compound, the carbamate of ammonia.

Four volumes of ammonia always condense with two volumes of car-

bonic acid.

Tleory : NHSH +
Nff,HJ

^ j,h',NHSOT

13.) Some liquid nitric acid is put into a porcelain acid-holder,

figure 319, and some strong liquid ammonia into a capsule, figure 318.
The latter is set upon the former, and the whole covered with a bell

glass shade, see figure 292. White fumes soon appear, but these

gradually diminish, and at the end of two days the acid-holder, 319,
will contain crystals of nitrate of ammonia, and the capsule, 318, a
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"weak solution of nitrate of ammonia, that salt being produced by the

combination of the hydrated nitric acid with the ammonia.

Theory : NH^H + HNO' = NH*,NO'

318.

D. Anhydrous Ammonia in the liquid state.

Ammonia can be liquefied by exposure to a cold of —40° F., and more

readily by generating it under pressure. Expose chloride of silver in

the state of dry powder to a current of dry ammoniacal gas. The

powder takes up the gas and increases one-third in weight. Put this

powder into one end of a strong
bent glass tube, figure 320,
and seal the tube hermetically.
Then heat that end of the tube

which contains the powder, a,

and cool the other end with a ^^°-

freezing mixture. After some time a liquid will appear at the cold

end of the tube h. This is pure anhydrous ammonia. It is a colour-

less liquid, w^hich, at 60° F. exerts a pressure of 6^ atmospheres, and
has a specific gravity of 0*7 3. At the reduced temperature of — 103° F.

ammonia is frozen to a white translucent crystalline solid, denser than

the liquid. If heat and cold are removed from the tube, the chloride of

silver again absorbs the ammonia and reproduces the original dry
powder.

It is remarkable that the specific gravity of condensed ammonia under
6^- atmospheres is very nearly the same as its density in aqueous solu-

tions under ordinary atmospheric pressure at the same temperature.

Formation of Ammonia by indirect processes.

a.) Mix 40 grains of fine iron filings with 2 grains of caustic potash,
and distil the mixture in a small test tube fitted with a narrow gas-

delivery tube
; figure 311 on a small scale. After separation of the

atmospheric air, hydrogen gas will be disengaged. Compare process /,

page 196.

h.) In the same manner, 40 grains of fine iron filings are to be distilled

with 2 grains of saltpetre. The gaseous product of this decomposition
is nitrogen.

c.) Combine these two experiments. Distil 80 grains of fine iron
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filings with 2 grains of caustic potash and 2 grains of saltpetre. The

gaseous product in this case is ammonia.

Theory : 3KHO) fNH*,H
8Fe

}
= UKFeO

KNO^J i2FeFeO

Another method. Hydrogen gas and nitrous oxide gas are to be

collected in separate gas-holders, and are to be passed thence, in the

proportion of 8 volumes of the former to 2 volumes of the latter, into

water contained in a three-necked Woulff 's bottle, to be there mixed

together. A third tube carries the mixed gases into a wash bottle,

from which they pass into a long porcelain tube kept at a red heat in a

tube furnace, as exhibited at page 197. The gas which passes out of

the heated tube contains a quantity of ammonia.

Theory : NNO + 8H = NH«,H + NH^H + HHO

Third method. Zinc put into very dilute nitric acid discharges hy-

drogen gas and produces nitrate of zinc.

Zn + HNO" = H + ZnNO'

If zinc is put into very concentrated nitric acid, part of the nitric

acid is decomposed and nitrogen and oxides of nitrogen are set free.

Zn + 2HN0^ = ZnNO^ + HHO + N + 0«

If acid of mean strength is taken, the effects are combined, but the

nitrogen acts on the hydrogen and produces ammonia. The effect is

greater if sulphuric acid is present. Dissolve zinc in diluted sulphuric
acid

;
add nitric acid drop by drop until hydrogen gas ceases to be

given off. The zinc then continues to dissolve without disengagement
of hydrogen, and there will be found in the solution a quantity of

sulphate of ammonia.

Theory: 9HS0^] f8Zn S0«
8Zn I =

^I^H*,SO*
HNO'

J i3HH0

The combination of nitrogen with hydrogen under these circumstances

is termed combination in tlie nascent state.

Analysis of Ammonia.

I. Two volumes of ammonia gas exposed in a closed vessel to a

great number of electrical sparks is entirely decomposed ;
its quantity

is increased to four volumes, and these on examination are found to

consist of one volume of nitrogen and three volumes of hydrogen.
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2. If dry ammonia gas is passed through a porcelain tube which

contains pulverised quicklime, and is heated to redness, the ammonia

is completely decomposed, and two volumes of it produce a mixture of

one volume of nitrogen and three volumes of hydrogen.

3.
If eight volumes of the mixed gas produced by the above experi-

ments are put into an eudiometer tube, with four volumes of oxygen, and

the mixture is fired by an electric spark, nine volumes will disapjjear.

If three volumes of hydrogen are then added, and the mixture again is

exploded, three volumes will disappear.

Explanation of the first explosion.

NHHH + 00] _ J3HHO
NHHH + 00

j

~
1N,N,0

'

Explanation of the second explosion.

IH,H0
1N,N,H

NNO)
HHHf

The condensation in the first explosion indicates three volumes of

oxygen and six volumes of hydrogen. In the second explosion it

indicates one volume of oxygen and two volumes of hydrogen. There

remain two volumes of nitrogen and one volume of hydrogen. The
second explosion is made only to determine how much oxygen was

added in excess for the first explosion.

4.
A solution of nitrite of ammonia is decomposed by heat into

water and pure nitrogen.

NH^NO« = 2N + 2HHO

5. Nitrate of ammonia is decomposable by heat into water and

nitrous oxide. See page 288.

NH*,NO» = H,HO + H,HO + N,NO

Extraction of Ammonia from Animal Substances.

Manufacture of Spirits of Hartshorn, Bone-black, Sfc.
—This experi-

ment affords an example of what is called dry distillation. It requires
the apparatus that is represented by figure 321. The retort <2 is a tube

of hard Bohemian glass, about half or three-fourths of an inch in diameter,
and about ten inches long. The receiver 6 is chosen barely wide

enough to go over the neck of the retort. The junction is made with
a bored cork or a caoutchouc connector. The bends of the two tubes

are made at such angles that when the closed branch of the retort is

placed in a horizontal position, the receiver shall be in the position
shown by the figure. Each branch of the receiver should be about six

inches long ; but it is immaterial if one of the branches is longer than

the other, as shown in the figure. Letter c is a gas-delivery tube, con-
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nected to 6 by a cork
;

c? is a pneumatic trough

gas over water
; / a wooden support.

e a tube to collect

About an ounce of dry clean bones, coarsely pounded with a hammer,
are put into the retort a

;
as much water is put into the receiver h as

merely covers the bend ; water is put into the trough c?, and into the

gas receiver e ; the whole apparatus is put together as shown in figure

321, and the heat of a small gas light or a spirit lamp is applied to the

retort.

Gas speedily passes through the water in the receiver h, and rises in

the gas jar e. The bones become black, the water in h becomes brown,
and a dark-brown oil soon collects on the surface of the water in that

branch of the receiver which is farthest from the retort. The heat may
be continued until gas ceases to pass through the water in the receiver,

and the bones appear to be thoroughly charred.

Examination of the products of the Distillation.—The gas collected in

e, and the water and oil in 5, will be found to have a disgusting odour,

and will remind the experimenter of the atmosphere which prevails in

the agreeable neighbourhood of bone boilers and manufacturers of

ammonia and bone black. The gas is a mixture of combustible gases
and readily burns with flame. The water and oil may be partially

separated by filtration through a filter previously wetted with w^ater.

This bone oil, prepared in the large way, is used to burn in lamps to

produce lamp black, which is soot deposited during an imperfect com-

bustion.

The filtered water has a brown colour, because it retains part of the

bone oil, and therefore still stinks. It will, however, be found to

contain carbonate of ammonia, which may be proved as follows :
—

a.) It smells of ammonia.

6,) It turns yellow turmeric paper brown, and makes red litmus blue.
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c.)
Put a little of the water into a test glass, and add lime water.

This will precipitate carbonate of lime, and leave free ammonia in the

liquid, when the effects a and h will become more distinct.

d.) To the rest of the water add muriatic acid till the mixture

becomes neutral to test papers. Carbonic acid will be discharged with

effervescence, and the mixture will then contain muriate of ammonia,
which may, by careful evaporation, be obtained in the solid state, but

stained brown by a residue of bone oil.

The black residue is now to be shaken out of the retort and ground
in a mortar to fine powder. In this condition it is hone blacky or animal

charcoal^ a substance which has the property of removing colour from

various substances, and also of destroying putrefaction; as will be

referred to in the section on carbon.

Put a little of this bone black into a flat iron spoon, held by a pair
of tongs, and heat it strongly over a spirit lamp. The charcoal will

burn away and you will obtain a white

powder. This is hone ash, or phosphate of

lime.

The facts developed by this simple set of

experiments serve as the basis of several large

branches of chemical manufacture. They prove
also the existence in bones of the following 322
elements :

—
Phosphorus, calcium, carbon,

nitrogen, hydrogen, and oxygen. These elements being present in the

products of the decomposition of bones, were necessarily present in the

undecomposed bones, under peculiar forms of combination.

Liquid Ammonia.

Solution of Ammonia Gas in Water.—We have seen that ammonia

gas dissolves abundantly in water. One voliune of water takes up
according to the temperature 500 or 600 volumes of gas. The solution
^
colourless, and intensely alcaline. The taste is extremely caustic. It

listers the skin if applied to it in a concentrated state. Simple exposure
to the air causes an escape of the gas, so that the liquid has always
a pungent odour. It is very dangerous to put the nose to a bottle of

liquid ammonia, and smell it incautiously ;
for if the Hquor happens to

be strong, the vapour instantly stops the power of breathing, and pro-
duces a painful and dangerous feeling of suffocation.

Ammonia has the remarkable property of possessing the same bulk in

all its combinations with water. It neither expands nor condenses in

consequence of combining with, or being diluted by, water ;
in which

property it differs essentially from the fixed alcalies and the liquid acids.

The relations of ammonia to water are extremely simple. Every test

atom, or 17 grains of ammonia, which is passed into water, displaces
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or expels 24 grains of water. The difference of these numbers being

7 grains, it follows that if this process takes place upon a fixed bulk of

water, such as a decigallon, the addition of every test atom of ammonia,

admitting it to expel 24 grains of water, diminishes the weight of the

whole residual mass by 7 grains, and the effect of this is to diminish

the specific gravity of the solution by one in the third place of decimals.

Thus, water being fixed at i 'OOO, as representing 7CXD0 grains per deci-

gallon, the weight of a solution which contains one test atom of ammonia
is 7000 — 7

= 6993 grains; and its specific gravity is i 'ooo — 'ooi
= •

999. The substitution of ammonia for water can proceed at this

rate until the solution acquires the chemical strength of 1 2 5
test atoms

per decigallon, and a specific gravity of '875. That is the limit of

saturation at the temperature of 62° F., and under the ordinary atmo-

spheric pressure. The constitution of liquid ammonia of any inter-

mediate strength is in accordance with these data.

The number which expresses the specific gravity, written to three

places of figures between the extremes of '999 and '875, added to the

number which expresses the chemical degree, or the number of test

atoms per decigallon, between the limits of 1° and 1 2
5°,

in all cases

are together equal to 1 000. So that the chemical strength or the specific

gravity of any solution of ammonia can each be easily deduced from the

other. If S represents the specific gravity of a sample of liquid ammo-

nia, and C its chemical strength expressed in test atoms, then—
1000— S = C
1000— C = S.

The chemical strength is the difference between the specific gravity
and 1000; and in Uke manner the specific gravity is the difference

between the chemical strength and lOOO.

The weight of a decigallon of the strongest solution of ammonia, of

specific gravity '875, is 6125 grains (
=

'875 X 7000). The weight
of the ammonia contained therein is 2125 grains (

= 17 X 125).
The difference between 6125 and 2125 grains is 4000 grains, which

is the weight of the water. But a decigallon of water at the same

temperature (62° F.) contains 7000 grains. It follows that when water

is converted into solution of ammonia, it expands to the extent of 75 per

cent ; 4000 measures of water produce 70CO measures of ammonia, or

100 measures produce 175 measures.
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Solution of Ammoxia in Watee.

Test Atom NH^jH =
17 Grains. Temperature 62° F.^
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Explanation of the Table of Solutions of Ammonia.—The composition
of a series of important aqueous solutions of ammonia is represented in

the Table on page 829.
The nature of the facts which are shown by the different columns

have been fully explained, either in the preceding notice of ammonia,
or in the description of the parallel tables of solutions of nitric acid that

was given at page 304. In comparing the money value of the different

solutions of ammonia, I have taken as a standard, not the strongest

possible solution at 62° F., but the strongest solution of commerce,

namely that of sp. gr. 0*88. Solutions stronger than that cannot be

prepared for sale economically, because of the facility with which, at

the slightest rise of temperature, they give offammonia in the state of gas.

Determination of the chemical strength of Liquid Ammonia.
Deteimination of the strength of Ammonia by the Ammonia-meter.

(^Hgdrometer),

Preparation of Liquid Ammonia of particular degrees of strength for

testing and other purposes.
These three subjects have been sufficiently explained in the general

article on Centigrade Testing. See page 109.

Peeparatiox of Solution of Ammonia in Water.

Preparation in small quantities.
—The best way to prepare a small

quantity of liquid ammonia is the following :
—A little pure water is

put into a U-tube, and the JJ-t^be is plunged into cold water mixed

with ice, contained in a beaker glass, as represented in figure 323.
The water must not exceed the third part of the

capacity of the tube, because it expands from 100

to 175 volumes when saturated with ammonia. The

gas- delivering tube which brings the ammonia from

the gas bottle, such as b, figure 311, is connected

by a sound cork with one end of the JJ-t^^be, and

the other end of the tube is closed by a cork

traversed by a very narrow tube open at each end.

Ammonia gas is then to be very slowly passed into

the U"tube. The water rises into the opposite
^ ^' branch of the JJ-^ube, and by its pressure causes

a rapid absorption of the gas. When the ammonia gas bubbles freely

through the liquor and escapes by the narrow tube, the water will be

saturated, by which time the solution will be expanded till it nearly

touches the cork containing the narrow tube, and the strength will be

greater than that of the strongest solution in the preceding table. If

the solution, thus saturated at 32° F., is put into a glass in a warm
room and allowed to rise in temperature to 62° F., it will give off gas
under ebullition, and finally acquire the strength of 125° or specific

gravity 0.875. Even at this strength, the application of a warm hand,
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or the too-close approach of the operator's face to the vessel containing
the ammonia, causes it to boil and discharge gas. This is the reason

why it is not expedient to prepare liquid ammonia for sale of greater

strength than 120°, or specific gravity 0.88.

When very pure liquid ammonia is required, the JJ-tube is to be
connected with the V-t^^l^e, the latter either being filled with pieces
of caustic potash, or containing a little of a strong solution of caustic

potash, and the ammonia gas is to be

slowly passed through the V-^ube to be

purified before it is passed into the U"tube
for absorption.

To prepare strong Liquid Ammonia

from weak Liquid Ammonia.—Put part
of the ammonia into the U-tube and the

rest into a gas bottle. Connect them

together, and by a very gentle heat drive

the ammonia from the gas bottle into the U-t^^^e.

By the above processes, strong and pure liquid ammonia can be

easily prepared from the liquid ammonia of commerce, when quicklime

may not happen to be at command.

Preparation of Liquid Ammonia in large quantities.
—A large glo-

bular flask k in figure 325, is half filled with an intimate mixture of

well pounded sal ammoniac and unslacked lime in equal portions. A

324.

I
325.

bent gas-leading tube 5, and a bent acid funnel A, are passed through a

cork, and the cork is adapted to the neck of the ballon by an envelope
of caoutchouc, figure 135, tied on so as to secure an air-tight junction.
The other end of the tube s is passed into the bottle f, which is to be

two-thirds filled with cold water. The point of the tube reaches to the

bottom of the flask, because the solution of ammonia being lighter than

z2
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water, rises to the surface. One pound of water may be taken for

every pound of sal ammoniac, but the water must be put into a number
of small equal-sized bottles

; because, as the gas condenses, the water

becomes heated, and is then unfit to absorb more gas. As fast, there-

fore, as each bottle becomes warm, it must be exchanged for another

bottle containing cold water, and be placed aside where it can be cooled.

From time to time, small quantities of water are poured into the

ballon ky through the funnel h. The combination of this water with

the lime produces heat, and occasions a rapid disengagement of the

ammonia gas. When this action ceases, heat may be applied to the

sand-bath m, and gradually increased until the thick mixture in the

ballon boils, and then is to be sustained until the gas ceases to be dis-

engaged. Very pure ammonia is yielded by this process,
—the empy-

reumatic substances contained in the sal ammoniac being less decom-

posed than they usually are when the sal ammoniac and quicklime are

heated to fusion without water.—MitscherUch.

As it sometimes happens that the necks of large gas bottles, to

which several glass tubes require to be adapted, are of irregular form,
so that round corks or other stoppers do not fit them air-tight, it may
be useful to show in what manner such a difficulty can be overcome.

In some cases, where only a low pressure of gas is exerted, the caout-

chouc caps represented in page 179 are a sufficient remedy. In other

cases the following process is more effectual. The neck a of the bottle

Ji, in fig. 325, is closed by a stopper made of the mineral

called serpentine, in which have been drilled two or three

holes to fit the required glass tubes. The stopper, with, its

tubes, is fixed in the mouth of the bottle, and a cylindrical

jacket, made of paper or caoutchouc, is tied round the neck of

the bottle. Sse fig. 326. A paste is then made by stirring

powdered plaster of Paris with milk, starch-water, or thin

glue. This paste is poured into the jacket above the stopper,
so as to cover the holes through which the glass tubes are passed. I:

immediately hardens and forms a cement, which effects a perfectly air-

tight junction.
Ammonia gas can also be prepared in a porcelain retort, made as

represented in the figure. Round the neck of the

body, there is a deep gi'oove into which the cover

dips. When the materials have been put into the

body, the groove is filled wdth i)laster of Paris

mixed with water, the head is then put in its

place, and the plaster hardens so as to form an

effective lute. On each side of the retort and head

,27
is a pair of corresponding ears, which may be

fastened together with thuml>screws, or tied

firmly with soft flexible iron v/ire.
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Tests of the purity of Liquid Ammonia.— i. When evaporated to

drvness in a glass capsule, it should leave no solid residue.

2. If it gives a precipitate with lime water, it contains carbonic

acid.

3.
Neutralise it with pure nitric acid, and test it as follows :

—If a

white cloud is produced with a solution of nitrate of silver, it indicates

the presence of chlorine.

4. If diluted nitrate of barytes produces a white precipitate, it indi-

cates sulphuric acid.

5.
A white precipitate with oxalate of ammonia indicates lime.

6. A brown or black precipitate with sulphuretted hydrogen shows

copi^er or lead.

The solution ought never to be kept in bottles that contain lead in

their composition.
Uses of Liquid Amw.onia.—It is employed by the chemist to neu-

tralise acids, and to precipitate insoluble bases. As the residual am-
monia and most of its salt can be volatilised by heat, it communicates no

fixed impurity to the solutions. It is much employed in medicine, and

is the best antidote to the poison of prussic acid.

Precipitates produced in Solutions of Salts hy Liquid Ammonia.

White Precipitate :
—

Magnesia, if the solution is neutral. Alu-

mina. Glucina. Yttria. Thorina. Zirconia. Cerium. Manganese,

turning brown. Zinc, soluble in excess. Cadmium, soluble in excess.

Iron, protosalts, turns brown. Lead. Tin, the protoxide insoluble,

the peroxide soluble, in excess. Bismuth. Mercury, persalts. Anti-

mony.
Yellow Precipitate :

—
Copper, protosalts ;

with excess, a colour-

less solution. Uranium, peroxide. Platinum, peroxide. Gold.

Grey Precipitate :
—

Mercury, protosalts, from very acid solutions.

Greenisii-Blue Precipitate:—Copper, deutoxide; with excess, a

blue solution.

Reddish-Blue Precipitate:—Cobalt, a brow^n solution, with an

excess.

Apple-Green Precipitate :
—Nickel ; with excess, a violet solution.

GREEX Precipitate :
—Chromium. Uranium, protoxide. Platinum,

protoxide.

Brown Precipitate :
—

Manganese, deutosalts. Iron, persalts.

Silver, soluble in excess.

Black Precipitate :
—

Mercury, protosalts.

No Precipitate:—Potash. Soda. Lithia. Ammonia. Barytes.
Strontian. Lime. Silver, if in a very acid solution. Magnesia, the

same.
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4. CARBON.

Symbol, C
; Equivalent, 1 2 ; Not volatile ; Atomic Measure, when

isolated, unknown ; Atomic Measure, when acting as an Acid Radical

in Salts, o ; Condensing Action on other Radicals, o. ,

Occurrence.—See page 9.
«

Properties.
—The different kinds of carbon, or charcoal, have a very'

different appearance, and also extremely different properties. The'

purest variety of carbon is the diamond. This is crystalline and colour-

less, possessed of remarkable brilliancy, and a hardness exceeding that

of all other bodies. Occasionally it is found coloured. A blue diamond,
in the collection of Mr. Hope, which is about an inch long and half an

inch wide, has been valued at £30,000. A model of it may be seen in

the Museum of Mines, Jermyn-street. This is a curious example of

the fanciful value that may be ascribed to a thing which is of no use.

The other varieties of carbon, which often contain very small quantities

of foreign substances, are all black, opaque, and in general dull. Some-

times they are pulverulent, sometimes solid and porous, sometimes

glossy and crystalline, as in the instance of plumbago. The principal

kinds are wood charcoal and coal. In the presence of air, and at a

red heat, most sorts of carbon burn into carbonic acid gas or carbonic

oxide gas, and so fly away, leaving behind only a small residue of ashes.

Diamond and plumbago require, however, a very high temperature for

their combustion. All the varieties of carbon are insoluble in water,

infusible by heat, and incapable of being volatilised. This invariable

solidity, or fixedness, is a remarkable quality of this element. With

oxygen, hydrogen, and nitrogen, it forms gases, but, per se, it is never

liquid nor gaseous. When common charcoal is boiled in nitric acid, it

disengages carbonic acid gas ;
when it is mixed with nitre and heated,

it explodes.
Carbon has a strong tendency to combine with oxygen, especially at

a red heat, and is on that account often employed to separate oxygen
from other substances. It appears to have no action upon atmospheric
air at mean temperatures, whether wet or dry. Yet when it is in fine

dry powder it has a powerful action upon substances that are in a state

of putrescence, which it seems to bui^n, or convert into carbonic acid,

and thus render innocuous. So rapid is this destruction, that powdered
charcoal, placed between folds of cloth, can be used as a respirator to

protect the mouth and nostrils of persons who may have occasion to

expose themselves in an infected atmosphere. Powdered wood char-

coal, placed in trays in the dissecting-rooms of anatomists, in the wards

of hospitals, and in other places where putrescent substances spoil the
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air, are found to destroy the putrescent matter, and render the

atmosphere wholesome. The injurious volatile matter is rapidly ab-

sorbed and burnt. For the same reason, charcoal is an important

ingredient for filters that are to be used in filtering water, to deprive it

of ingredients injurious to the health of human beings. The most
effective kind of carbon for use in destroying odours or putrescent
effluviaa is that which is called bone-black, and which consists of a

mixture of charcoal and phosphate of lime. See page 325.
Carbon combines with oxygen, and produces the two gases that are

called carbonic acid and carbonic oxide. It also combines with nitrogen,

chlorine, and many metals
;
but it is above all distinguished by its pro-

perty of combining with hydrogen under the influence of organic life,

and producing the compounds which are called Hydro-carhons, Com-

pound Radicals^ or Organic Radicals—compounds of the utmost im-

portance in vegetable and animal chemistry, and of which we shall take

particular notice in a subsequent section.

The specific gravity of carbon variesf greatly according to its con-

dition. In the state of diamond, its specific gravity is 3*5; in the

state of graphite it is 2*2; in the state of wood charcoal it is about
I

• 6
;
and some varieties of it, such as lamp-black, are still lighter,

according to the mode of preparation.

Experiments illustrating the Properties of Carbon.

I.) Inflame a slip of wood, a match, and plunge it, as the com-
bustion proceeds, into a glass test-tube. The wood will be converted
into a black porous mass of charcoal, having the same form as the

original wood. That this charcoal is impure, may be proved by burn-

ing it completely in the open air, when a small quantity of white ash
will remain. This consists of silica, potash, lime, and other mineral

substances which exist in all organic bodies. See page 14, and page 62,

paragraph 1 1 .

2.) If you expose sugar, starch, cotton, linen cloth, or wood, to a

strong heat over a spirit-lamp, in

a glass tube, these substances will

be decomposed, and you will ob-

tain charcoal— the oxygen and

hydrogen of the compounds, and

part of the carbon, escaping in

the state of water and other vola-

tile compounds. See page 61
, C,

and the subsequent section on the

Xature of Combustion.

The purest kind of carbon that

can be prepared by art is ob-

tained by calcining sugar that has
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been purified by repeated crystallisation. Even that, however, contains

a little potash, and about a half per cent, of oxygen and hydrogen.
Eice contains very little earthy matter, and gives almost pure charcoal

when calcined in close vessels.

3.) Wash a piece of pure white linen cloth till all soluble substances

are removed from it. Then burn it in the open air until nothing
remains but a white ash. Put this into water, when a portion will

dissolve, and the solution will give a blue colour to purple litmus paper,

showing the presence of a fixed alcali derived fi'om the linen. The
insoluble portion of ash consists of salts of earths and metals.

4.) Calcine a fragment of flesh (lean beef or mutton) in a small

porcelain crucible, closed with its cover. The product is animal

charcoal.

5.) Calcine, in the same manner, a fragment of bone. The product is

bone-black or ivory-black, which, besides charcoal, contains phosphate
of lime. When bone-black is calcined in the open air, the charcoal

burns away, and the product is a white powder, called bone-ash. See

page 325. Animal charcoal may be partially separated from earthy
matter by digestion in muriatic acid and subsequent washing with

water.

6.) Method of collecting the Ashes left by Burnt Vegetable Substances.—In chemical analysis, it is frequently necessary to collect every particle

of ash left by a burnt vegetable body, such

as a paper filter, in order that it may be

weighed. The following apparatus is useful

in some cases of this description. It consists

of a Bunsen's gas-burner, fig. 330, upon the

top of which is placed a star-shaped support,
and upon that a porcelain tray, fig. 329. The

gas flame rises in the middle of the tray. The

vegetable substance is held over it by the

points of a small pair of platinum tongs, and

is burnt at the flame, and the ashes are co'

lected on the porcelain tray, from which the;

can be wiped by a small feather into a watch-

glass to be weighed.

7.) When a small quantity of a mixture of

earthy matters and charcoal is to have the

latter separated from it by combustion in the open air, the apparatus
which is represented by fig. 322 may be used. This consists of a small

iron spoon, having a bowl of about f inch diameter, and which is held

by means of steel tongs. The process is not of very accurate per-

formance, as part of the ash is liable to be blown away.

8.) In cases where the matter to be acted upon is very difficult of

combustion, the apparatus shown by fig. 331 can be employed. This

330.
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331.

consists of three pieces, a cracible, a perforated cover, and a bent tube,

all formed of Berlin porcelain. The matter to be acted upon is ignited

in the crucible, and while it is undergoing ignition a current of oxygen

gas is very gently forced upon it from

a gasometer, through the porcelain

tube. Oxygen gas, applied at a red

heat, acts powerfully upon all organic

matters, and drives off the carbon in

the form of carbonic acid. The pres-

sure of the gas must be nicely re-

gulated, in order not to blow the ash

out of the crucible.

9.) The flame of a candle or argand-

lamp is rendered brilliant by the pre-
sence of innumerable particles of carbon

in the act of undergoing combustion

at a white heat. If a cold incom-

bustible body is held in the flame, the consequent abasement of tempe-
rature is attended by a deposition of carbon in fine powder (soot), or,

if the central air-way of the lamp is stopped, the carbon goes ofl' in

smoke for want of oxygen to burn it.

10.) The flames of carburetted hydrogen gas and of coal gas deposit
soot for the same reason.

1 1.)
A bit of resin, heated on a fragment of glass over a lamp, burns

under production of much smoke, which is finely-divided carbon or

lamp-black. The annexed figure represents
one of the methods of preparing lamp-black in

quantities for use in the arts, as for the pre-

paration of printing ink, &c. The combustible

organic matter, resin or tar, is heated in an

iron pot, to which only a limited quantity or'

air is permitted to have access, by which

arrangement it is made to burn so as to pro-
duce but little flame and a vast quantity of

smoke. This passes with the current of air,

from the pot, «, into a small house, 5, the

walls of which are lined with flannel, and
which has a moveable cover or canopy, d,

made of canvas. The su[)erfluous air, the 332.
carbcnic acid, and other gaseous products of

the combustion escape from the house through the canopy ;
but the

smoke is deposited either on the floor, the flannel lining of the walls, or

in the canopy, and is collected from time to time by agitating the

canopy, after which the lamp-black is removed from the floor.

12.) Charcoal has the property of removing colour from vegetable
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substances, and also of destroying odours. Thus, when it is coarsely-

powdered and shaken in a bottle with red wine, and the mixture

filtered, the wine becomes colourless, and loses its odour. If charcoal

is shaken with water that has the odour of putrid vegetables, the bad

odour is destroyed. This experiment may be tried with any kind of

dirty water. Treated in the same way, beer is deprived of its bitter-

ness. Charcoal is, for these reasons, employed in the refining of sugar,
in the distillation of brandy, in the filtration of water, and in other

useful arts.

13.) Newly-burnt vegetable charcoal, especially that made from

hard, woods, has the property of absorbing a very large quantity of

some kinds of gas. A cubic inch of boxwood charcoal absorbs of

ammonia gas 90 cubic inches, of muriatic acid gas 85 cubic inches, of

hydrogen gas if cubic inches, and different quantities of other gases.
Cork charcoal and other light kinds absorb scarcely any quantity of gas.

Owing to its power of absorbing gases, large masses of newly-burnt

powdered charcoal are liable to undergo spontaneous combustion when

exposed to damp air.

14.) The combustion of charcoal in oxygen gas has been already
described. See page 182.

15.) Brilliant Inflammation of Charcoal.—Support a short and wide

hard glass test-tube in a vertical position by a tin crook, as shown by

fig. 147, in page 183. Put into the tube about half a fluid ounce of

strong fuming nitric acid. If the acid is not of the strongest kind, it

may be warmed gently. By means of a pair of

crucible tongs, take hold of a stick of charcoal

pastile, such as are used to cut glass, or formed

of a mixture made of charcoal powder, carbonate

of soda, and rice paste, or of any other car-

bonaceous mixture that will burn continuously
without flame. The stick should be a few inches long and a quarter of

an inch thick. The end of it is to be set on fire, and is then to be

dipped into the tube containing the fuming nitric acid. As soon as the

glimmering end of the charcoal comes into the acid vapour, the com-

bustion is greatly promoted ;
but when the point is dipped into the

liquid acid, the combustion becomes extremely brilliant. The experi-
ment is not hazardous if carefully performed.

16.) Indelible Ink for Writing on Paper.
—Common black writing

ink, which consists in the main of gallate of iron, can be obliterated by
oxalic acid, chlorine, or any substance capable of decomposing the

gallate of iron. Indelible inks must have carbon for a basis, because no

liquor can dissolve carbon without destroying the paper which bears the

writing. It is, however, difficult to fix carbon upon paper, so that it

shall not rub off mechanically. The following mixture efiects the pur-

pose to a certain extent. Mix—
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China ink, 2 parts.

Water, 30 parts.

Strong solution of cani5tic potash, ij part.

Strong solution of caustic soda, ^ part.

This mixture is hygroscopic, and therefore continuously fastens the

black colouring matter to the paper.
Another mixture that has been recommended is carbon in the state of

china ink, lamp-black, or some other finely-divided form, ground up
with gluten, and diluted to a due consistence for writing.

17.) Jnh for Printing on Linen with Types.
—Dissolve i part of

asphaltum in 4 parts of oil of turpentine ;
add fine lamp-black in suf-

ficient quantity to render the ink stiff enough to print with types, or

with a brass stamp.

18.) Indelible Inks, useful for Writing Labels for Bottles containing

Acids, ^'c.
— I. Take oil of lavender, 200 grains; gum copal, in powder,

25 gi'ains ;
and lamp-black, 3 grains. Dissolve the copal in the oil of

lavender, in a small flask or phial, by the aid of a gentle heat
; and

then mix the lamp-black with the solution by trituration in a porcelain
mortar. After a repose of some hours, the ink, before use, requires to

be shaken, or must be stirred with an iron wire. If it be found too

thick, it may be diluted with a little oil of lavender or of turpentine.
—

2. A solution may be made, in hke manner, of 120 grains of oil of

lavender, 1 7 grains of copal, and 60 grains of vermilion.— 3. Boil 1 ounce

of finely-rasped Brazil wood and half an ounce of alum in 1 2 ounces of

water, till the liquid is reduced to 8 ounces ;
then decant the clear part,

and add to it an ounce of calcined manganese mixed with half an ounce

of gum arable.—4. Amber varnish, ground with lamp-black, makes a

black ink ; or ground with vermilion, it makes a red ink, both of good
colour, but slow to dry.

1 9.) Tooth-Powder.—Finely-powdered charcoal (calcined bread, rice,

or sugar) forms an excellent tooth-powder ;
it cleanses the mouth both

mechanically and chemically ;
but as it is dusty, and not easily miscible

with water when alone, it may on this account be mixed with an equal

weight of prepared chalk, and, if agreeable, be scented with a few drops
of oil of cloves.

20.) Black Chalks for Drawing.
—Saw fine-grained charcoal into the

size of crayons. Put them into a pipkin containing melted bees'-wax,
and allow them to remain near a slow fire for half an hour or more,

according to the thickness of the crayons. If the crayons are required
to be hard, you must mix a little rosin with the wax. If you want

them soft, you must add butter instead of rosin.
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COMPOUNDS OF CARBON AND OXYGEN.
Carbonic Aero.—Si/nonyme, Carhete: Formula, CO*; Equivalent, 44;

Atomic Measure, 2 volumes; Specific Gravity of Gas, 22; Atomi-^

.
Measure in Volatile Salts, o.

Carbonic acid is a gas which is colourless, slightly odorous, has a

sharp acid taste, is incombustible, and does not support the combustion

of burning bodies. It precipitates lime-water, and reddens wet litmus

paper feebly, but the redness disappears in the air. It occasions death

when breathed in a pure state ; but its solution in water, beer, or wine

is wholesome and refreshing, carbonic acid being the principle which

causes the effervescence of soda water, stout, champaign, &c. It is

heavier than atmospheric air in the proportion of 22 to 14 '47. The

gas is slightly soluble in water. By cold and the pressure of 40 at-

mospheres it is reduced to the state of a thin colourless liquid, and bv

more intense cold to the solid state.

The condensation of the gas to the liquid state is effected by meari.>

of a strong iron pump or syringe. The apparatus is expensive, and its

use dangerous.

Liquified Carbonic Acid has the remarkable property of being four

times as expansible as atmospheric air. Its specific gravity at—4° F.

is 0*90 ;
at 32^ F. it is O' 83 ; at 86° F. it is 0*60. A current of it

produces an intense degree of cold. When it flows from a small open-

ing a white vapour appears, which can be collected in the form of

white snowy flocks by a flask. These flocks are solid carbonic acid,

which can be exposed for some time to cold air without changing to gas.

The solid carbonic acid can be exposed to the air of the atmosphere, in

which it soon volatilises. If the solid acid is mixed with ether, it pro-

duces so intense a degree of cold as to freeze mercury in large pieces.

Carbonic acid gas is extricated in most common cases of ett'ervescence,

as when vinegar, or any other acid, is poured upon chalk, marble, or

alci^line carbonates. It is produced by fermentation, by most instances

of combustion, by the respiration of animals, and by the putrefactive

decomposition of vegetable and animal remains. It is found in mines,

mineral waters, volcanos, and various other situations, giving rise to

many interesting phenomena.
This gas, being much heavier than common air, always keeps its

place over the surface of a fermenting liquor, till it rises as high as the

edge of the tub or vat w^hich contiiins it, and then it flows over and

descends to the floor. To prove this, hold a lighted candle a few

inches above the top of the vat, nothing will take place ; next, hold

the candle just over the liquor within, and below the top of the vat,

upon which the light will be extinguished. The heaviness of this gas is

the reason, too, why, when the vat is emptied of the liquor, the gas for

some time occupies the bottom of it, so that it is unsafe for the workmen
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to go down to clean it. This is well known to labourers in breweries,

who never descend into the vats before they have tried the purity of the

air in them by lowering a oindle. If the candle is not extinguished,

they know that they may descend with safety ;
for that is a certain sign

that the carbonic acid gas has escaped.
After wine or beer is bottled, the fermentation still goes on, though

in a much slower degree, and in wine a deposition of tartar takes place.

The carbonic acid gas now extracted, being unable to escape, is absorbed

by the liquor, and gives to it that briskness and pleasant sharpness
which is so far preferable to the flat insipid taste which all wines have

when first made.

In bottling every kind of wine, cider, beer, or other fermented liquors,

great care should be paid to the corking. The gas, as it is formed,
exerte great force to escape, and if the cork does not fit very accurately,
will be sure to find its way out. The liquor will then never acquire
the briskness and sharpness that it ought to do ; for as the briskness of

all such liquors depends upon the presence of carbonic acid gas, they
will always prove flat and insipid when the gas is allowed to escape.

—
It is much better to lay bottled liquor sidelong than upright, for then

the gas must not only pass through the liquor before it can escape, but

the cork is kept wet and swelled, and is much less liable to decay.
Carbonic acid gas is produced in abundance when charcoal is burned ;

and it is owing to their not being aware of this production of life-

destroying air that many persons have been killed by going to slee}) in

rooms where charcoal fires were alight. What renders this practice
more dangerous is, that charcoal fires sometimes give off not only
carbonic acid gas, but carbonic oxide gas, which is still more poisonous
than carbonic acid gas.

If the carbonic acid gas, which is produced so extensively under these

vnrious circumstances, and which mingles with the atmosphere, was

continually absorbed and destroyed by plants, the air would speedily
ome unfit for respiration, the world would cease to be habitable, and
ri and animals would all die.

Preparation of Carbonic Acid Gas.

I.) Put a lump of chalk into a test-glass half full of water, and add a

ittle hydrochloric acid. A strong effervescence will take place, ,

consequence of a rapid disengagement of carbonic acid gas.
vou pour hydrochloric acid over a considerable quantity of

'unded chalk, covered with water, the resulting effervescence

viU be very great. In trying this experiment, put the glass

taining the chalk in the middle of a large dish. See

I he theory of the production of carbonic acid gas, when
"onates are decomposed by acids, is explained in the section ^^'^"
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which treats of the Constitution of the Carbonates. See the paragraph
on the Solution of Chalk in Hydrochloric Acid.

2.) Mix 1 08 grains of red oxide of mercury with 4 grains of finely-

powdered charcoal, and beat the mixture in an apparatus such as is

represented by fig. 311. Gas will be liberated, which may be collected

either over mercury or water. It is carbonic acid gas :

Theory :—Hgc,HgcO + Hgc,HgcO + C = Hgc*-f-CO^
Two equivalents of mercuric oxide and one equivalent of carbon yield
four equivalents of the mercuric radical Hgc and one of carbonic acid

CO*. The 4 grains of carbon prescribed in the above instructions con-

tain I grain in excess of the quantity demanded by the equation, and

this excess remains uncombined in the retort tube. The mercury con-

denses in the metallic state on the cold part of the tube.

3.) Carbonic acid gas is most conveniently prepared from chalk or

marble mixed with diluted hydrochloric acid in a gas bottle. No heat

is required. If a rapid current of gas is desired, the chalk may be

powdered, and the acid be of the strength of 30°. If a slow current of

gas is wanted, the limestone should be of a hard kind and in lumps,
and the strength of the hydrochloric acid should not exceed 20°. White

marble gives pure gas. When a small quantity of gas is required, the

bottle depicted in
fig. 335 may be used. For

laiger quantities, it is best to use the bottle shown

by fig. 168, at page 193, in which case the acid is

to be added gradually. The other gas bottles, de-

scribed at pages 192 to 194, also serve the purpose,
but are not quite so handy.

—The gas may be

passed through water to purify it. It may be col-

lected over water ; for though a quantity dissolves,

yet the gas is so cheap and easy to prepare, that a

little loss is of no moment. It may be dried by
chloride of calcium or oil of vitriol. See page 198.
It can also be collected over mercury, or, like sul-

phurous acid and chlorine gas, by the method of

displacement.
Instead of hydrochloric acid, you may use nitric acid

;
but it is more

expensive, and offers no special advantage. You cannot conveniently use

sulphuric acid, because the residual product is in that case insoluble, and

therefore inconvenient. Chalk, and all other forms of carbonate of lime,

when dissolved in these three acids, yields the following products :
—

With nitric acid . . CaNO^ = Nitrate of lime.

With hydrochloric acid CaCl = Chloride of calcium.

With sulphuric acid . CaSO^ = Sulphate of lime.

The two first are very soluble in water. The latter requires 400 time

its weight of water for solution.

335.
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4.) Carbonic acid is produced whenever charcoal is burnt in oxygen

gas, or whenever there is an excess of oxygen produced by any decom-

position that occurs at the same time as the combustion of the charcoal.

See pages 59 and 182.

5.)
If a piece of well-burnt charcoal be introduced into a glass vessel,

two-thirds filled with oxygen gas, over mercury, and the mercury be

brought to the same level on the in-

side and on the outside of the jar,

and the charcoal be inflamed by a

burning glass, there will be at first an

expansion; but after the experiment
is over, it will be found that the

volume of the gas has not percep-

tibly altered ; and if the charcoal

has been in sufficient quantity, the

whole of the oxygen gas will be found

converted into carbonic acid gas.

Now the densities of oxygen gas and

carbonic acid gas, in whatever way
they may be formed, are always the

same, and are to each other as 16 is

to 22. It is evident, then, that carbonic acid must always contain the

same weight of oxvgen and charcoal. See page 153.

6.) If a diamond is thus burnt in oxygen gas, it also produces car-

bonic acid gas. The experiment has frequently been made to prove
this fact ; but it is too costly for repetition as a class experiment.

3S(^^

337.

7.) Carbonic Acid Gas is produced during Fermentation.—Arrange
apparatus for the preparation and collection of gas, as shown by
.337. Into the gas bottle, a, put a mixture of one part of honey or
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sugar, six parts of water, and a little yeast. Expose the whole apparatus
to a heat of 70° or 80° Fahr. After some time fermentation takes

place, and carbonic acid gas is liberated. The honey acts quicker than

the sugar. If the fermentation is allowed sufficient time, all the sugar
will be decomposed, and alcohol will remain in the liquid. The car-

bonic acid gas will pass by the gas-delivery tube, b, into the jar, e,

which is supported by a bee-hive shelf, c, placed in a pneumatic trough,

d, which is represented in this figure as made of a single piece of glass.

The decomposition of the sugar may be represented as follows :
—

f f nuln \ 1 H,C^ffO = Alcohol.
3 atoms of sugar

j

CH O
|

=

j
^^, ^ ^^^^^^.^ ^^.^^

This is the usual process by which alcohol, or spirits of wine, is pre-

pared in the large way from sugar or malt. The spirit is subsequently

separated from the water by distillation, the alcohol rising into vapour
at a lower degree of heat thau that demanded for the conversion of

water into steam.

EXPERIMEXTS WITH CARBONIC ACID GaS.

1 . To show that Carbonic Acid Gas extinguishes Flame and destroys
Animal Life.

—Fill a small glass cylinder, or a bottle, with carbonic acid

. gas, and plunge a lighted candle into it
; the flame will be

ja, extinguished. A person who 'is quite a stranger to the

"n properties of this kind of gas will be agreeably amused by
1 extinguishing lighted candles, or blazing chips of wood,

' on its surface. As the smoke readily mixes with the gas,
and little or none of it escapes into the atmosphere, the

smoke floats, in a very curious manner, on the surface of

the gas, forming a smooth well-defined plain, which, if

the vessel be agitated, is thrown into the form of waves.

Insects, which it is desirable to preserve in their true

338. form and brilliancy of colours, for cabinets, may be killed

by immersion in carbonic acid gas.

2. If inflamed sulphur is immersed in ajar of carbonic acid gas it is

extinguished.

3.
Illustration of the Characteristic Powers of Oocygen Gas, Carbonic

Acid Gas, and Atmospherical Air, icith respect to Combustion.—Set three

jars of equal size, fig. 339, mouths upwards, on a table. The first

must contain common air
;
the second, carbonic acid gas ; and the third,

oxygen gas. Take a lighted candle with a pretty large wick, and lower

it, by means of a wire, into the first jar
—the flame will have its usual

brightness. Lower it next into the second jar
—the flame will be ex-

tinguished. Lower it now, while the wick continues red, into the third

jar
—it will be relighted, and will burn for some time with a dazzling

t
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splendour. To ordinary spectators, this experiment will be the subject

of much wonder. The whole of the jars will, by them, be deemed

empty^ and the different effects resulting from plunging the same candle

into seemingly similar vessels, will be quite incomprehensible.

4. Hold a slip of moistened blue litmus paper in a jar of carbonic

acid gas, or dip it into the aqueous solution of the gas. It will turn

claret red
;
but if the paper is afterwards heated or exposed to the air,

the acid volatilises, and the blue colour is restored.

5. Pleasing mode of showing the great Weight of Carbonic Acid Gas.

—Place a lighted candle in the bottom of a jar which has its open part

339.

uppermost, the jar being filled with atmospheric air
;
take then a jar

filled with carbonic acid gas, and invert it over the jar in which the

candle is placed, fig. 341. The effect is very striking; the invisible

fluid descends Hke water, and extinguishes the flame. To spectators
who have no idea of substance without sensible matter, this experiment
has the appearance of magic.

6. A burning candle may be lowered into a jar containing carbonic

acid gas, until the top of the wick is about half an inch under the surface

of the gas, in which position the flame will remain visible for a few

seconds, though altogether detachedfrom the candle. The exposition of

this phenomenon is, that the wick remains hot enough to cause the

tallow still to evaporate, and the vapour kindles at the surface of the

carbonic acid gas.

7. It affords an amusing spectacle to let a large soap-bubble, filled

with common air, fall into a tray or wide glass containing carbonic acid

gas. The bubble rebounds from it like a foot-ball, and appears to rest

on nothing.
8. Suspend a large glass globe, fig. 342, to one end of a balance,

and counterpoise it. Then decant a large jarful of carbonic acid gas
2 A
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342.

into
it, upon which it will become so heavy as to overbalance the coun-

terpoise.
—The method of determining the weight of a

gas with accuracy is described at page 277.

9. To show that the Atmosphere contains Carbonic

Acid.—Expose to the air, in a flat open vessel, a

quantity of transparent lime-water ;
a white crust will

soon form on its surface, which, on being broken, falls

to the bottom of the vessel, and is succeeded by another—this precipitate, upon being examined, proves to be

carbonate of lime—therefore, carbonic acid is attracted

from the atmosphere by the lime in solution.

10. The apparatus depicted in
fig. 343 is to be set up, but without

the parts marked a, b, c. A little lime-water is to be put into the

V-tube at (?, and atmo-

spheric air is to be drawn

through it by allowing
water to nm from the bottle

/ by the stopcock g. At
the end of an hour a quan-

tity of carbonate of lime

will be formed, and will

render the inside of the

V-tube obscure. It may
be washed off by a little

diluted hydrochloric acid.

11. Proof that Carbonic Acid Gas is given offfrom a Charcoal Fire,

the Fkvme of a Candle^ or tlie Flame of a Spirit-lamp.
—Set up the

apparatus described above, fig. 343. Put lime-water into the tube, d.

Instead of the stand, 6, put the flame of a spirit-lamp or of a candle

into the funnel, a, or place a small lighted charcoal furnace below the

funnel. Then let water run from the stopcock, g. The lime-water in

the V-tiibe will immediately begin to give a white precipitate of car-

bonate of lime. Another proof of the existence of charcoal in alcohol

is given in the article on the preparation of olefiant gas. In that expe-

riment, the charcoal is separated in the form of a black powder.
The nature and products of combustion are explained more fully in

another section.

12. To show that Carbonic Acid is contained in Air respired from the

Lungs.
— i . Put into a test-glass a little water, tinged blue by tincture

of cabbage ;
then blow into this water, through a glass tube, air from

the lungs
—the blue colour will soon be changed to red. This proves

that the air blown from the lungs contains an acid. Now, query, what

acid is it? Let us see.—2. Warm the product o£process i, the blue

colour will be restored. Hence the acid is volatile, and must be either

carbonic acid or sulphuretted hydrogen. That it is not the latter, m£iy

^=n
343-
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be known by its want of odour, and the impossibility of its derivation

from tiie breath; that it is the former, may be proved thus,—3. Blow

air, in the manner described above, into lime-water. The transparent

solution will be shortly rendered opaque by the formation of carbonate

of lime.—4. A little hydrochloric acid added to the muddy liquor will

render it again transparent, by dissolving the carbonate of lime with

effervescence. I have described at page 272 an apparatus by which

it is easy to show the great difference in the proportion of carbonic acid

gas contained in atmospheric air and in air respired from the lungs.

13. Presence of Carbonic Acid in Fermented Liquors.
—Put a small

quantity of fresh porter or strong ale into a gas-bottle, connect the

gas-delivery tube with a V-tube containing lime-water, and apply a

gentle heat to the beer. Carbonic acid gas will immediately pass off

and form a precipitate in the lime-water.

14. Production of Carbonates.—Fill a long tube with carbonic acid gas,

and set the open end in a capsule containing a solution of caustic potash
or of ammonia. The liquor will

absorb the gas rapidly and rise in 1

'

j
)

the tube. After permitting a little

of the liquor to rise, you may close 344.

the tube with a finger, shake it to

mix the solution with the gas, and again open the tube in the alcaline

solution, which will then rush into it violently.

15. Vacuum produced by Chemical means.—The last experiment may
be performed in a striking manner as follows :

—Take a glass tube,

6 feet long and f inch in diameter, closed at one end, and pretty strong
in the glass. When so long a tube cannot be procured, two shorter

tubes may be joined by a brass or tinplate collar, fastened by strong
cement. Fill the tube with water that has been boiled, and then cooled

in a corked bottle to free it from air. Invert the tube over a pneumatic

trough, fix it in a vertical position, and fill it, to within an inch of the

end, with pure carbonic acid gas, free from air. Have ready a sound

cork, exactly fitted to the tube, and a stick of caustic potash about an

inch long. Put the potash into the tube, instantly cork the tube, take

it from the trough, and invert it repeatedly, that the stick of potash

may pass up and down, and not lie for any time on one part of the

tube, which would be broken by the heat produced by the absorption of

the carbonic acid. At the end of a few minutes the carbonic acid gas
will be entirely absorbed. Now put the mouth of the tube into a basin

of coloured water, and take out the cork, which should be provided
with a turned milled wooden top or handle, like the cork of the gas-

bottle, 5, fig. 335. The instant the tube is opened, the water will

violently rush up to the very top of it.

,^^ The apparatus represented by fig. 316 can also be used to show the

^^Hpapid absorption of carbonic acid gas by a solution of caustic potash.n .
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SATURATION OF LIQUIDS WITH CARBONIC ACID GAS.

Preparation of Effervescing Beverages.

Solution of Carbonic Acid in Water.— i. Pass a current of carbonic

acid gas slowly through distilled water until it ceases to be absorbed.

See the methods of passing gases into liquids described at pages 179,

262, 330, &c. One measure of water absorbs one measure of carbonic

acid gas at common temperature and pressure. By means of a force-

pump, it can be made to absorb 2 or 3 measures of gas, in which con-

dition, either with or without a little bicarbonate of soda in solution, it

passes under the name of Soda Water.— 2. Fill a quart bottle with

carbonic acid gas, pour into it half a pint of cold distilled water, cork

the bottle, and shake it. Invert the bottle, and let it rest in a cold

place. Shake it occasionally, and after some time the water will be

strongly acidified. The solution of carbonic acid gives a white precipi-

tate with lime-water, and readily gives off carbonic acid gas when

gently heated.

Soda-Water Apparatus.

As an example of the methods employed to saturate liquids with

carbonic acid gas effectively, I will describe two of the best forms of

soda-water apparatus, availing myself of the figures, and partly of the de-

scriptions, that are given by Dr. Mohr in his Pharmaceutischen Technik.

Figures 345 and 346 represent a soda-water apparatus, formed of
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salt-glazed stoneware, but supplied with fittings of block tin. Fig. 345
represents the outside of the apparatus, and fig. 346 a section. The
vessel is divided into two compartments, B and C, bv the false bottom,
A. The lower compartment is of the capacity of a quarter to half

a pound of water. The upper compartment varies in size according to

the quantity of effervescing lic^uor intended to be prepared at one

operation. The lower space, B, is the carbonic-acid generator. It is

filled through the opening, 6, which is then closed by the stopper repre-
sented by fig. 347. This stopper is a solid mass of tin, A, which is

secured in the opening, 6, by means
of a bayonet-catch. In the body of

the stopper there is a groove, which

is filled with a solid ring of vul-

canized caoutchouc, G. Above this

caoutchouc ring is a ring of tin, B,
of the form shown by the figure,

which can pass backwards and for-

wards on the plug, A, but cannot

be turned round. This ring serves

partly to render the closing of the

opening secure, and partly to serve

as a block against which the caout- 347,
chouc ring, G, can be firmly pressed

by a few turns of the female screw, C, which acts on the male screw

cut on the plug, A, and so effects the hermetical closing of the mouth of

this compartment of the apparatus.
The compartment, C, above the false bottom, A, represented in

fig. 346, is to contain the liquor which is to be saturated with the

carbonic acid gas that is produced in the compartment, B. The false

bottom, A, is pierced at a by a number of very small holes, which are

represented by the black lines in the figure. Through these holes the

gas rises into the liquor contained in the compartment, C. The liquor
cannot descend through the holes, partly because they are too capillary,

partly because the pressure of the gas in the lower compartment offers

too great an obstacle. Hence the liquor contained in C becomes

impregnated with the gas, without coming into contact with the mate-
rials by the reactions of which the carbonic acid is produced.

The neck of the bottle is closed by a stopper, also made of tin, which
is so contrived as not only to afford sufficient pressure against the con-

densed gas, but to provide the means of decanting the impregnated
liquor when required for use. This stopper is represented in its place
in figures 345 and 346, and the head of it, very nearly of its full size,

is shown in section by fig. 348. The plug A is analogous to the

plug A in the stopper shown by fig. 347, and is fastened into the neck
of the flask by a similar arrangement, as is evident on a comparison of
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the figures. But this stopper differs essentially from the former in

being hollow, so as to form, with its accompanying pipes, a syphon
for decanting the effervescing

beverage. If w^e suppose
the liquor, as represented in

fig. 346, to be saturated with

gas, and the space C above

the liquor to be full of con-

densed carbonic acid gas, it

is easy to understand how,

upon the opening of a free

communication between the

tubes F and E, represented in

fig. 348, the pressure of the

gas at C will force the liquor
out of the vessel through
those tubes. This free com-
munication is effected by
simple pressure upon the

knob K. That pressure forces

down the valve V, and clears

the way from the tube F, and
the space around the spiral

spring, to the space e and the

tube E. The liquor cannot

pass upwards from the space

e, because the rod k passes

through an air-tight stuflnng-

box, containing several collars of caoutchouc. When the pressure on

the external knob K is removed, the spiral spring forces up the valve V,
and prevents the further escape of the liquor.

Method of using the Apparatus.
—Open the upper stopper, and fill

the compartment C with pure water, mineral water, wine, lemonade, or

whatever liquor you wish to render effervescent. From the full botde

pour out as much liquor as is necessary for the solution of the salts

which are to produce the requisite quantity of gas. This liquor, if

water, or a corresponding bulk of water, is afterwards to be put into

the compartment B. The quantity of this water depends upon the

bulk of the apparatus to be used. After decanting that portion of

liquor, close the upper neck of the apparatus securely with the stopper.
Next incline the flask, and pour into the lower compartment, through
the opening h, the water abstracted from the upper compartment, and

add to it bicarbonate of soda and tartaric acid in small crystals (not in

powder) in the proportions of 4 parts of the alcali to 3 parts of the acid

by weight. The absolute quantity of materials is necessarily regulated

348.
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by the bulk of the apparatus. The lower neck of the apparatus is to

be immediately closed by its stopper, and the apparatus is to be set

aside in a cool place for some hours. The reaction takes place between

the bicarbonate of soda and the tartaric acid in proportion as the sub-

stances dissolve, for which reason it is recommended to use them in

crystals and not in powder, in order that the action may not be too

stormy. The reaction is shown in the following equation :
—

T». •. X r J AT TT /Mr^3 ^ f Na.O'H^O^ Tartrate of soda.
Bicarbonate of soda NaHvCO 1 ) gHO Water.
Tartaric acid . . H,C»H-0= f

| ^.q. Carbonic acid.

To facilitate the absorption of the gas by the liquor, the apparatus

may be occasionally shaken. The gas, which ultimately remains un-

absorbed, rises to the space C, fig. 346, and effects a pressure which as

already described is finally used to expel the liquor from the apparatus.

To prepare an effervescing beverage that shall not lose its carbonic

acid by a rapid action as soon as the liquor is released, the apparatus

ought, as soon as it is charged, to be placed in a cold place, if possible

in ice, and allowed to remain there for 24 hours.

Precaution.—Before the apparatus is charged with salts, care must

be taken to ascertain that the small openings, a, in the false bottom

between the two compartments of the apparatus, fig. 346, are clear. If

the apparatus has been out of use, and these holes have become stopped

by dust or crystallised salts, then the generated carbonic acid gas will

be unable to escape from the compartment B, and its pressure may
cause the apparatus to explode with a degree of violence that may
expose the operator to great injury. To prevent this accident, the

apparatus should be carefully washed out with warm water, and it

should be ascertained that, when both mouths of the apparatus are open,
and water is put into the upper compartment, it trickles thence through
the small holes into the lower compartment. It is further proper, soon

after charging the apparatus, and after the first strong disengagement of

gas has taken place, to loosen the screw C, fig. 348, and permit the

enclosed atmospheric air to escape. The inside pressure is thereby

diminished, and the absorption of the carbonic acid is promoted.
Glass Apparatus for the preparation of Effervescing Beverages.

—
Fig. 349 represents a form of soda-water apparatus, which is now very
well made of glass, with solid tin fittings. The entire apparatus is

about six times the size of this figure. Only the stopcock and double

neck are made of tin
;
the rest of the apparatus is of glass, the two

globes being covered with a network of cane, to prevent the scattermg
of fragments of glass in the event of the occurrence of an explosion.

The two vessels can be separated at the joint immediately below the

stopcock. The neck attached to the upper globe contains a solid tin

plug, not visible in the figure, in which plug six or eight very fine holes
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are bored, to admit of the passage of the gas from below upwards. To
this upper neck the stopcock is attached, through which the hquor is to

be allowed to escape.
The charging of this apparatns is effected thus ;

—The upper globe is

unscrewed and removed from the foot; and is inverted and filled to

within a glassful with water or other

liquor that is to be saturated with gas :

the plug is then fixed in it. Into the

under ball we have now to put the

ingredients that are to produce the

carbonic acid. For a large-size ap-

paratus, I ounce of tartaric acid and

li ounce of bicarbonate of soda. The

large globe is then screwed firmly

upon the small globe, and the appa-
ratus is placed on its side until the

small globe is about three-fourths filled

with water that has passed into it

from the large globe. The apparatus
is then placed upright, and put aside

in a cold place till the following day.
The stopcock by which the effer-

vescing liquor is passed out of the ap-

paratus is represented in full size by

fig. 350. The neck, a, is attached to

the neck of the globe, as represented
in fig. 349. The pipe, c, is that by
which the liquor escapes through the

spaces, a and m. The efflux of the

liquor is stopped when required by
the pressure of the plug, n, against
the end of the perforation, m. This is

managed by means of the thumbscrew,

r, which, by the action of the screw,

g, forces the plug, 7i, backwards and forwards. The screw, q, works
in a collar, which is secured to the pipe, b, by the screw, p.

This glass apparatus has over the stone kind, fig. 345, the advantage
of transj^arence, which enables you to watch the operation, and to see

at any time whether you have a supply of liquor or only an empty
bottle. When the glass has been well annealed, it stands the requisite
internal pressure satisfactorily.

Mohr's Carbonic Acid Regulator^ used in the preparation of Bicar-

bonate of Soda.—Dr. Mohr recommends the following apparatus for

producing a regulated current of carbonic acid gas, to be used without

loss for the conversion of neutral carbonate of soda into bicarbonate of

349.
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soda. The gas-generator is formed on the principle of the hydrogen

lamp, which I have described at page 203. To this are attached a

washing-bottle and a vessel to contain the carbonate of soda, upon which

the carbonic acid is to act. The whole apparatus is represented in

fig. 351. Letter A is a salt-glazed stoneware jar. C is a green-glass

351-
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bottle, the bottom of which has been cut off, or, instead of which, a

deflagrating jar, fig. 115, may be used. 5 is a disc of brass or lead,

connected by a brass rod, c, with the brass tube and stopcock, d. e is

a washing-bottle, containing a solution of bicartonate of soda. This

bottle may be provided with a safety-tube. /, a glass tube for deliver-

ing the purified carbonic acid gas. ^, a glass vessel to contain the

carbonate of soda, at the bottom is a disc of wood, pierced fiill of holes,

upon which the salt is placed. The upper edge of ^ is gi'ound smooth,
so that it can be greased and closed air-tight by the round glass plate
which is represented above it.

To put this Apparatus into action.—Invert the gas-bottle, C, and fill

it to within an inch of the mouth with lumps (^ chalk or marble, keep-

ing the rod, c, in the middle. Put tlie disc, b, on the rod, c, and secure

it by a brass nut, screwed on the end of the rod. The glass, C, is then

to be reversed and put into the jar. A, which is previously to be rather

more than half filled with hydrochloric acid, a little diluted with water,

and which must be free from arsenic, though it need not be chemically

pure. The bottle, C, is kept in its place in the jar. A, by a wooden

cover, which is divided through the middle into pieces that are capable
of being fixed together by hooks and eyes.

The stopcock, d, being closed, the acid in A cannot pass into C among
the chalk, but rises in the space B. When d is opened, the atmospheric
air escapes from C, the acid passes from B into C, and acts upon the

chalk, and a current of carbonic acid gas escapes through the stopcock
and into the vessel, g. If the stopcock is closed, the acid descends

from C into B, and the production of gas ceases, as it does also if any
obstruction occurs in the vessel, g.

Conversion of Carbonate of Soda into Bicarbonate of Soda.—To un-

derstand the nature of this process, we must bear in mind the compo-
sition of the salts we have to deal with :

—
NaNa,CO^ + loHHO is the composition of crystallised carbonate of

soda.

]S"aNa,CO^ represents carbonate of soda that has been rendered anhy-
drous by ignition.

KaH,CO^ shows the composition of crystallised bicarbonate of soda.

CO^ is the formula of carbonic acid.

Consequently
—

9 atoms of anhydrous carbonate = NaNaCO^.
I atom of crystallised carbonate = NaNaCO^ -\- loHHO.

10 atoms of carbonic acid = CO^
Are together equal to

20 atoms of bicarbonate = NaH,CO*.

These proportions are sufficiently observed, if you take one part of

the crystallised carbonate of soda and three parts of the anhydrous car-
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bonate of soda by weight. These salts are to be finely pounded and

intimately mixed together, and the mixture is to be lightly filled into

the glass vessel, g^ nearly to the top. The vessel is then to be accurately
closed by the glass disc, but the small hole is to be left open. The

stopcock, dy is to be opened, and the atmospheric air is to be expelled
from g hj a strong current of carbonic acid. The small hole in the disc

is then to be stopped with wax, some weights are to be placed on the

disc, and the process of saturating the carbonate of soda with carbonic

acid is allowed to proceed freely. The passage of the gas is visible in

tlie wash-bottle, e. At first, the closing of the vessel, g, and the pres-
sure thereby produced, stays the current of gas ; but the soda salt soon

becomes warm, and the gas is then absorbed with rapidity. The pro-
cess must at this stage be carefully watched, because the absorption of

carbonic acid gas by the soda can take place so suddenly and totally,

that a vacuum can be produced in the vessel g^ and the hydrochloric
acid be driven from the vessel A, through C and e, into ^, and so s}x)il

the operation. To prevent this accident, the stopcock, d, is brought
into play, or else a safety-tube is added to the wash-bottle, e.

When the soda salt ceases to absorb carbonic acid, the operation is at

an end. The product is then to be pulverised in a mortar, washed with

cold water, and dried at a gentle heat.

Mohr's Apparatus for protecting Solutions of Caustic Alcalies against
the Carbonic Acid contained in Atmospheric Air.—Solutions of caustic

alcalies and caustic earths have a strong tendency to abstract carbonic

acid from the atmosphere ; but as the

presence of carbonic acid impairs their

powers as chemical tests, especially
when they are to be used in acidimetry

(see page 104), it is desirable to pre-
serve the solutions in such a manner as

to prevent the access of carbonic acid.

Dr. Mohr has recommended the appa-
ratus represented by fig. 352 to be used
for this purpose. It consists of an ordi-

nary test-bottle, provided with a decant-

ing syphon and a vertical chloride of

calcium tube. A small glass jet is

adapted to the bottom of the syphon
by means of a caoutchouc tube, across

which a pinch-cock is passed. The

upper tube is nearly filled with a mix-

ture of crystallised sulphate of soda and

quick-lime, or with lumps of soda-lime,
a little cotton wool being placed at the

orifice of the narrow tube to prevent
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the falling of the powder into the bottle. This mixture allows at-

mospheric air to pass into the vessel when a portion of liquor is run off

by the syphon ;
but it abstracts the carbonic acid from the air as it

passes through the tube. The small quantity of solution which remains

in the jet below the pinch-cock must always be run off and rejected
when alcali is required from the bottle.

Carbonic Oxide.

Synonyme, Carbate, Formula^ CO; Equivalent, 28; Atomic Measure,
2 volumes ; Specific Gravity of Gas, 1 4.

Properties.
—Carbonic oxide is a gas ; colourless and tasteless

;
of a

weak but peculiar odour
;
burns in the air with a bright blue flame,

producing carbonic acid
;

does not support the combustion of other

bodies
;

is extremely poisonous ;
it cannot be breathed

;
animals die in

it immediately ;
it is nearly insoluble in water.

The blue lambent flame that sometimes appears on the surface of a

clear red coal fire, or over the ignited lime in an active limekiln, is

occasioned by the combustion of carbonic oxide gas. The carbonic acid

produced by combustion at the lower part of the fire is converted into

oxide of carbon by the action of the large mass of red-hot coal. The
oxide of carbon, on coming into contact with fresh oxygen at a red heat,

is again converted by combustion into carbonic acid.

When wood is burnt as fuel in stoves, carbonic oxide gas is often

disengaged when the combustion is feeble. It is highly dangerous to

close the damper of a stove in a close apartment, and thus prevent the

escape of the carbonic oxide gas, which in such a case passes into the

apartment, and renders its atmosphere poisonous.

Preparation of Carbonic Oxide Gas.

1. Boil crystals of oxalic acid with oil of vitriol in a glass tube.

Apply a light to the mouth of the tube, and a blue flame will be pro-

duced, arising from the combustion of the carbonic oxide gas produced

by the decomposition of the oxalic acid.

The gas disengaged in this process is a mixture of carbonic oxide gas
and carbonic acid gas. If the mixture is passed through lime-water, or

shaken with it in a bottle, the carbonic acid gas is absorbed, and the

other gas left pure. Or it may be passed, first through a solution of

caustic potash, and then through a V'tube filled with lumps of pumice-
stone moistened with potash ley. The gas can be collected over

water.

2. Carbonic oxide gas can be prepared in quantity firom oxalic acid

by means of the apparatus represented by fig. 353, or by any of the

forms of apparatus that are suitable for the preparation of gases with

the help of heat. In this case the wash-bottle must contain a solution
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of caustic potash, requisite for the absorption of the carbonic acid gas.

The carbonic oxide gas then passes into the gas-receiver in a pure state.

353.

3. Mix in a retort or gas-bottle i oz. of oxalate of ammonia in fine

powder with ^ oz. of concentrated sulphuric acid ; distil with a gentle

heat, and collect the gas over a solution of caustic potash or milk of

lime.—Binoxalate of potash may also be used in the same manner for

preparing carbonic oxide gas. In these experiments the sulphuric acid

combines with the base, and liberates the oxalic acid, which falls into

carbonic acid and carbonic oxide.

When crystallised oxalic acid is used, the reaction is as follows :
—

TTro^ ^ ^ ^^ Carbonic oxide.

Oxalic acid, 2 atoms <
xjnQi

Sulphuric acid . . HSO^

CO* Carbonic acid.

HHO Water.

HSO' Sulphuric acid.

When oxalate of ammonia is used, the reaction is this :
—

CO Carbonic oxide.

C0«
HHO

Carbonic acid.

Water.

NH^SO^l Sulphate of ammo-

NH*SO*j nia, 2 atoms.

Oxalate of ammonia, JNH^CO*
2 atoms . . . [NH^CO^

Sulphuric acid, ( HSO*
2 atoms . . . t HSO*

As carbonic oxide, CO, and

carbonic acid, CO*, have both

an atomic measure of two vo-

lumes, the gases are given off

in equal quantities by measure.

4. Into a gas bottle of the

capacity of a decigallon, and the

form of fig. 354 or fig. 355,

put ^ oz. of yellow prussiate of

potash, finely powdered, and

4 or 5 ounces by w^eight of con-

centrated sulphuric acid. Close ^^'^' ^55-

the flask by a cork and gas-leading tube. Apply a gentle heat. A
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white pasty mass is produced by the first action of the acid upon the

salt, but this gradually dissolves and disappears. The above quantity
of materials gives 300 cubic inches of carbonic oxide gas perfectly pure,

except quite at the end of the operation, when a little sulphurous acid

may be noticed.—Fownes.

Theory of this Decomposition :

KKF C^N^' 1 1

2KS0^ Sulphate of potash,

rir^^a I _ j
FeSO^ Ferrous sulphate.

TTUQ I

~
I
3^H'*,S0^ Sulphate of ammonia.

3 -'

I 3CO Carbonic oxide.

This explanation passes on the supposition that all the nitrogen is

converted into ammonium, and all the sulphuric acid neutralised by
bases. But the simultaneous production of some sulphurous acid shows
that the reaction is not in all cases so simple as this equaticwi represents
it. The experiment affords a very curious example of the formation of

ammonia by an indirect process. See page 323.

Experiments with Carhonic Oxide Gas.

1. Mix two volumes of carbonic oxide gas with one volume of oxygen

gas, and set fire to the mixture, in the manner described at page 206.

A loud exploston takes place, accompanied by a yellow flame, and the

mixture is converted into carbonic acid gas :
—

CO + O = CO*.

Two volumes of carbonic oxide and one volume of oxygen, in all three

volumes, produce two volumes of carbonic acid.

2. Metallic potassium, heated in carbonic oxide gas over mercury, in

an apparatus similar to fig. 356, absorbs the gas, be-

>"- ^ comes oxidised, and forms a deposit of charcoal :

iT^ L. K« + CO = K^O 4- C.

3.
Carbonic oxide gas can be burnt at a jet in the

same manner as hydrogen gas ;
but it burns with a blue

flame, and when the experiment is made by means of

the apparatus described at page 213, no water can be

procured from the product of combustion, which proves
that no hydrogen is present in this gas.

4. Conversion of Carbonic Oxide into Carbonic Acid.
^^ '

Set up the apparatus depicted in
fig. 343, but instead

of the parts marked a b c, substitute the parts marked a b c in
fig. 209,

page 213. Put lime-water into the bend of the V-tube; set the water

running at the stopcock g, and inflame a jet of carbonic oxide gas at the

point of the tube 6, fig. 209. A precipitate of carbonate of lime will

soon be formed in the V-tube of fig. 343. This experiment proves that

carbonic oxide gas produces carbonic acid gas when burnt in the air.

5. Carbonic acid gas can be converted into carbonic oxide gas by
being passed through a mass of red-hot coke or charcoal. The carbonic
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oxide gas which passes off at the upper surface of the charcoal may be
set on fire, and will burn with a blue flame. A clear red coal-fire, free

from white flame, often exhibits flickering pale-blue flames upon its

surface, which are due to the combustion of carbonic oxide gas.
New Mixturefor the Gas Blowpipe.

—When a mixture of two volumes
of carbonic oxide gas and one volume of oxygen gas is allowed to stream

from a narrow opening, and is set on fire, the flame does not press
backward into the reservoir, but becomes extinguished when the pressure
of the gas is feeble. Hence the use of this mixture is free from the

danger of explosion ;
and since it gives as much heat on combustion as

an equal volume of the explosive mixture of oxygen with hydrogen, it

can be advantageously employed for the gas blowpipe. See page 207.
When the blowpipe is to be used, a small spirit-lamp is to be brought

close to the opening whence the gas issues. The gas should not be

burnt immediately at the mouth of the stopcock of the gasometer, but
at the end of a glass tube having a fine jet, and fixed upon the stopcock.
In this case, if the flame goes back, the gas burns quietly in the tube, but

the flame does not pass the stopcock. I do not think that the flame could

go back even through a metal tube, provided it be long and narrow.

With the common pressure of a gasometer, I have melted 19 grains
of platinum, supported on magnesite, into a mass. I have also melted

quartz. The diameter of the orifice in the jet was -3-V inch.—F. Eeich.

If this mixture of gases escapes into the apartment unburnt, it renders

the atmosphere poisonous.

The Carbonates ajjd the Oxalates.

Owing to the circumstance that, in this work, the combining equiva-
lents of the elements carbon and oxygen are reckoned at double the

value which is ascribed to them in most other chemical works, it

happens that the formula which it is necessary to employ to denote the
salts that are called carbonates and oxalates differ from those in common
use. It is, therefore, necessary to call the reader's attention in an

express manner to the grounds of this difference, in order that he may
thoroughly comprehend the relations that exist between the two gaseous
oxides of carbon and those two classes of salts, and also that he may
clearly comprehend the nature of the difterence between monobasic salts,

such as the oxalates, and bibasic salts, such as the carbonates.

In thefollowing formulce, H = i,C = 12, 0= 16, K =39.
CO = Carbonic oxide

CO^ = Carbonic acid.

HHO = Water.

KHO = Caustic potash.
KKO = Anhydrous potash.

KKCO^ = Neutral carbonate of potash.
KHCO^ = Acid carbonate of potash.

HCO* = Oxalic acid.

KCO' = Oxalate of potash.

KCO*l
~ Binoxalate of pota^.
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Absolutely, we know not in what manner the two atoms of oxygen in

the oxalates and the three atoms of oxygen in the carbonates are divided

between the carbon and the basic radicals of the respective salts. If all

the oxygen of the oxalic acid is combined with the carbon, then the

result is H 4- CO*, or we are to consider oxalic acid as a compound of

carbonic acid with hydrogen. If we suppose the oxygen to be divided

equally between the two radicals, then we have the formula HO + CO,
or the acid is composed of carbonic oxide and oxide of hydrogen. Ac-

cording to the theory generally received, the oxygen contained in oxalic

acid is so divided, that three-fourths of it are combined with the carbon

and one-fourth of it with the hydrogen ; in favour of which theory there

is absolutely no evidence, not the smallest inkling of evidence; and

when we are desired to adopt that theory as the simple expression of a

fact, we are desired to abandon the wholesome practice of scrutinising

evidence, without pursuing which no student of chemistry will ever be-

come master of his science.

There is a similar difficulty in the case of the carbonates. We have

in each of them, whether neutral or acid, three radicals and three atoms

of oxygen. It may be that each radical is combined with one atom of

oxygen ;
or it may be that one atom of carbon takes two atoms of

oxvgen, and leaves one atom of oxygen for the two atoms of metal.

Thus:

either KO -H KO + CO, or KKO + COO.

Of these theories, neither of which is capable of experimental proof or

disproof, I prefer the one which assumes that both in the oxalates and

the carbonates the carbon exists in that oxidised condition which, whea^
in a separate state, we call carbonic oxide, and denote by the formula CO.J

In that case,
*

The oxalates are HO + CO
The carbonates are KO -f KO + CO
The bicarbonates are KO -f HO + CO

or, in other words, the oxalates are simple salts, corresponding to the

sulphates
—

KO -f CO oxalate of potash
KO + SO sulphate of potash ;

while the carbonates are double salts, or bibasic salts, consisting of

oxalates combined with oxides. The bicarbonates, or acid carbonates,

differ from the neutral carbonates by having one atom of hydrogen in

place of one atom of a metal. There is absolutely no other difference,

except occasionally in the proportion of water of crj^stallisation.

It will be found that this theory agrees exactly with the experimental
reactions of the various salts.
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Reactions of Carbonates.

1. Ignition of Carbonate of Lime.—Chalk, when ignited, produces

quicklime and carbonic acid gas :

CaO + CaO -f- CO = CaCaO + COO.

2. Solution of Chalk in Hydrochloric Acid.—Carbonic acid is given

off, and chloride of calcium and water remain :

CaO + CaO -f CO _ CO* + HHO.
HCl 4- HCl

~
CaCl + CaCl.

In explaining these two reactions, it has been admitted, much too

readily, that the carbonic acid which is produced in the experiments

necessarily exists, as such, in the chalk. When Dr. Black frst made
the experiment of separating chalk into lime and carbonic acid by heat,

lime and carbonic acid were not known to be compounds, and he very

reasonably drew the conclusions that carbonic acid combined with lime

to form chalk, and that chalk was constituted of carbonic acid and lime.

But it was not then known that two equivalents of oxygen combined
with the carbon to form carbonic acid, and that one equivalent only
combined with the calcium to form lime

; neither was it known that

the quantity of the metal was two equivalents and that of the carbon

only one equivalent. Indeed, the possibility of the separation of the

chalk into calcium, carbon, and oxygen, and the whole doctrine of

chemical equivalents, was not even thought of. To form an accurate

theory of the composition of the carbonates w^as, therefore, at that time

impossible. But now that we have a mass of facts and analogies to

guide us, we are at liberty to correct opinions that were formed in the

absence of accurate information.

3. The Hydrate of Carbonic Acid.—We may consider that when
carbonic acid is dissolved by water, we have the hydrate of carbonic

acid—
HHO + COO = HO,HO,CO;

but there is no evidence that this acid exists, for we are unable to con-

centrate the aqueous solution till the residue acquires this constitution.

The acid goes off as gas, and leaves the water free. It is remarkable,

however, that between this hypothetical acid and the neutral carbonate

we can easily produce the intermediate bicarbonate :

HH,CO^ = Suppositious hydrated acid.

KH,CO^ = Bicarbonate of potash.

KK,CO^ = Neutral carbonate of potash.
The acid carbonate has precisely the percentage composition corre-

sponding to a double salt, composed of a neutral carbonate combined
with hydrated carbonic acid. Thus :

KK,CO^ _ KH,CO='

HH,CO'
-

KH,CO»
2b
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4. Compound Carbonates.—The two basic radicals of the neutral car-

bonates may be different metals. The following are examples :

MgCa,CO^ Carbonate of lime and magnesia.
Ba Ca,CO^ Carbonate of lime and barytes.

5 . Formation of Carbonates by Double Decomposition.
—The carbonates

being in all cases bibasic, require for double decomposition two equiva-
lents of any monobasic salt or acid that is brought to act upon them.

Example :

1 BaBaCO' Carbonate of

J barytes, i atom.

I

NaCl 1 Chloride of sodi-

I NaCl
j um, 2 atoms.

By means of the soluble carbonates of the alcalies, all the insoluble

carbonates of the earths and metals can be easily formed by double

decomposition, as just described. Other carbonates can be formed by
the direct transmission of carbonic acid gas into their solutions. If the

substances are in the condition of hydrates, the action is direct and

simple, as—
KHO-f CO^ = KH,CO^

or, when the base is in excess, there is a simultaneous production of

water; thus—
KHO -f KHO _ KKCO^

-f- CO*
~
HHO.

If the substance in solution is a neutral salt, the carbonic acid gas
does not decompose it, and produce an insoluble carbonate, unless an

alcali be also added; thus, carbonic acid will not alone decompose
chloride of calcium, but it will do so if caustic soda be added :

CaCl +CaCl ] f
CaCa,CO^

-f CO*
\
= 1 KaCl + NaCl.

NaHO + NaHO | \ HHO

Distinction between Analytical Formulce and Synoptical Formulce.

In the preceding pages I have denoted the carbonates bv the formula

M^ICO^ and also by the formula MO + MO + CO. The'first formula,

M]\ICO^, expresses all that we certainly know of the constitution of the

carbonates, and the arrangement of the symbols is conventional. What
we know is, the nature of the elements and the number of atoms of each

of them which are proved by experiment to exist in the compound. As
to the arrangement of the symbols, we agree to put first the electro-

positive or basic radicals, and after them the electro-negative or acid

radical ; and, at the end, we put the oxygen, because we do not abso-

lutely know -where else to put it. This formula gives a synoptical view

of om' knowledge of this compound, and I propose to call it a synoptical
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formula. It is made in accordance with the rules laid down at

page 131.
In the other formula of the carbonates, MO + MO + CO, we show

what we conjecture to be the proximate constitution of the salt. In our

mental analysis of this salt, we figure to ourselves that it is a compound,
first of MO with CO, and then of MO + CO with MO. But conjec-

tures are not facts, mental analysis is purely theoretical, and we cannot

experimentally establish the truth of this formula. Nevertheless, the

analytical view of the compound assists our comprehension of many
phenomena that occur when the salt is decomposed by reactions with

other salts
;
and in many theoretical inquiries, where our judgment

must be entirely guided by circumstantial evidence, the analyticalformuloe
of salts can be used with advantage. Let it never be forgotten, how-

ever, that the multitudinous analytical formulae of salts, which can be

produced by the play of a lively imagination, represent in all cases only

conjectures and not facts.

Properties of the Carbonates.

'The carbonates of the alcalies are soluble in water, and are alcaline in

their action on test-paper. The other carbonates are insoluble, but the

bicarbonates of the alcaline earths are soluble. The insoluble carbonates

are all decomposed at a red heat. The soluble alcaline carbonates do

not lose their acid when ignited. The alcalies form crystalline bicar-

bonates, which are less soluble than the neutral carbonates, and not

quite so alcaline in their taste or in their action on litmus. All the car-

bonates give off gaseous carbonic acid with effervescence when mixed
with a strong acid.

Detection of the Carbonates.—See page 95.

Proof of the existence of Charcoal in Carbonates.—The experiment

given at page 59 shows the direct introduction of charcoal into a car-

bonate. The following experiments show the direct extraction of char-

coal from a carbonate ;
—

1. Two parts of chalk in very fine dry powder, and one part of

metallic sodium cut into small pieces, are put into an infusible glass

test-tube, in such a manner that the sodium is quite enveloped by the

chalk. The mixture is heated over a spirit-lamp. An explosion is pro-
duced with disengagement of light, but no danger attends the experi-
ment. The mass after this appears quite black, in consequence of the

separation of charcoal. If water is added, the mixture becomes hot,

and disengages a little hydrogen gas. If diluted muriatic acid is next

added, it dissolves the lime and leaves a quantity of charcoal in very
fine powder.

—Dobereiner.

2. If a small piece of metallic potassium is heated in a glass tube,

and a current of dry carbonic acid gas is passed over it, the carbonic

acid is reduced, and free charcoal is deposited in the state of powder.
2b2
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If the solid residue of the experiment is dissolved in water, the free

charcoal will become visible, and the solution will be found to contain

carbonate of potash.

Theory :

4K + 3C0^ = K*CO»,K*CO^ + C.

Testing of Carbonates.

The carbonates of potash, soda, lime, and some other bases, occur as

natural or manufactured products, in a state of mixture with other bodies

destitute of value ;
and being substances of great importance in the arts,

tiie mixtures have frequently to be subjected to a partial anal3'sis, which
consists in determining how much per cent, of the pure carbonate is

contained in each mixture. In such cases the process of centigrade

testing, the principles of which I have explained in the article at page 97,

may often be used with great advantage. I have shown in that article

how the standard test liquors are to be prepared ;
and at pages 112 and

1 1 3 I have shown their application to the analysis of carbonates of the

alcaUes and earths.

There is, however, another method for the analysis of carbonates,

which depends upon the ascertainment, by weight or measure, of the

quantity of carbonic acid expelled by another acid from a given weight
of the carbonate. These methods give results that are only approxi-

mately accurate
;
but as that is sufficient for many purposes in the arts,

the methods are more or less in use.

One reason why the results are inaccurate, when the quantity of

disengaged carbonic acid is deduced from the loss in weight of a more
or less complex apparatus, is, that the vessels themselves, according to

variations in the temperature and the hygroscopic state of the atmosphere
to which they are exposed, condense upon their surfaces more or less

vapour, and therefore are subject to variations in weight other than that

produced by the disengagement of carbonic acid gas.

Kerrs Method of Testing Carbonates by measuring the disengaged
Carbonic Acid Gas.—This is an interesting elementary experiment, but

not sufficiently accurate for analytical purposes. The glass apparatus is

formed in the manner represented by the figure. The end, a, is closed

and depressed, muriatic acid is

poured in till the vessel is filled

above the bend, c, and the ap-

paratus is then placed in the

position shown in the figure.

The solid and weighed car-

ic bonate is now dropped in at 6,

and falls to c. The disen-

gaged carbonic acid rises in the

branch, c, a, and drives over the muriatic acid to the branch, c, b.
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When the action is at an end, the bulk of the disengaged carbonic gas

may be read off on the scale. The stoppered outlet at a is used in

cases of analysis, where the kind of disengaged gas is unknown, and

where, in consequence, small portions of it require to be transferred

under water to other vessels for examination. When Kerr's tube is

devoted to the examination of carbonates, for example, limestone, the

branch, a, c, may be closed at the top, and be graduated into lOO parts.

The greater the capacity of the tube, the better for use. The same bulk

of muriatic acid, and of the same strength, should be used for every

charge, and it should be determined by trial how much pure carbonate

of lime will disengage a quantity of carbonic acid gas equal to the

lOO measures engraved on the tube. This trial is effected easily by
determining how many measures of gas are disengaged by pieces of car-

bonate of lime, weighing respectively 5, 7, and 10 grains. Suppose
that I o grains of pure carbonate of lime, with the fixed dose of muriatic

acid, produce exactly the 100 measures of carbonic acid gas, then

10 grains of impure carbonate of lime, with the same dose of muriatic

acid, will, in a comparative experiment, produce as many measures of

carbonic acid gas as is equal to its percentage of pure carbonate of lime.

Thus, 10 grains of a marl, containing equal parts of carbonate of lime

and clay, will disengage 50 measures of carbonic acid gas.

Testing of Carbonates^ hy weighing the Carbonic Acid Gas which they

give off when decomposed by another Acid.

I. Fritsche's Method.—The figure shows the apparatus, which is

formed of thin glass tube. The carbonate is put into one bulb, and the

acid, by means of a funnel, into the other

bulb. The tubes are then filled with lumps of

chloride of calcium, with a little loose cotton

put at the bottom of each, and are closed b}'

corks traversed by narrow tubes. The ap-

paratus is fiist weighed empty, then with the

carbonate in it, thirdly, when completely fitted 358.

up. It is suspended to the balance by the

wire. After being weighed, it is slowly inclined, that the acid may
run upon the carbonate and decompose it. The gas escapes by the

tubes, but the water is absorbed by the chloride of calcium. When the

action is at an end, the mouth is applied to one end of the tube, and

air is sucked through the apparatus to force out the residue of carbonic

acid. The apparatus is weighed for the fourth time, and the loss of

weight shows the quantity of carbonic acid expelled.
This apparatus has several defects. It permits of only small quan-

tities being examined. It requires careful management to prevent the

occurrence of the action of the acid before the whole is prepared. It is

fragile. It demands too many weighings. It is difficult to fill it, and
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359-

more difficult still to empty it, because every time it is used the chloride

of calcium must be removed from the tubes, and these be washed and

dried.

2. Rose's Method.— a, fig. 359, is a very light glass bottle; 6, a

test-tube of thin glass ; d, a tube containing lumps of dry chloride of

calcium. Put a given weight of the dry
J carbonate into the bottle, a. Put into h

jr^'^~-W=3^^^}=' rather more acid than will decompose the

^S^ carbonate. Adjust d, and weigh the
^"^^^"^ whole. Incline the bottle, and allow the

acid to mix slowly with the carbonate.

Carbonic acid will escape by the tube, c?,

while the water that rises with the gas will

be retained, partly in the bulb tube and

partly in the tube d. The action being at

an end, the cork is loosened to allow air

to have access to the bottle, that the carbonic acid may escape. Next

day the apparatus is weighed, and the loss of weight shows the quan-
tity of the carbonic acid, from which the quantity of the carbonate can
be calculated thus :

—
1

• 0000 part of carbonic acid is equal to,

2*2727 parts of carbonate of hme.

3
•
1 363 parts of carbonate of potash.

2 •

409 parts of carbonate of soda, dry.
6 *

5 parts of carbonate of soda, crystallised.

3. Fresenius and WilVs Method.—The carbonate is weighed and put
into the flask A. A quantity of sulphuric acid is put into the flask 13.

The tubes are then affixed as shown in the

figure, where all parts are represented in

relative proportions. The point, 6, is

closed by a ball of wax. The whole is

then weighed. A small chloride of cal-

cium tube is to be fixed upon the outer

end of the tube d, and a little air is to be

sucked from the flask B by the mouth.

This causes air to pass by the tube c from

A into B. When the mouth is removed,
the pressure of the atmosphere at d forces

a portion of sulphuric acid from B into A
by the tube c. This acid decomposes part
of the carbonate, and the carbonic acid set | J

free passes through the tube c into the f "^

flask B, and thence into the air. As the

gas passes through the sulphuric acid into which the tube c dips, the

360.
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carbonic acid is deprived of moisture, and escapes in a dry state. By-

repeating the suction at d, otiier portions of acid are driven into the

flask A, until enough is present to decompose the carbonate entirely.

When the evokition of gas ceases, the wax is removed from the point 6,

a small chloride of calcium tube is fitted on there, suction is again applied

at d, and atmospheric air drawn through till it is thought the carbonic

acid gas is all expelled from the apparatus. The vessels are then

allowed to cool, wiped dry, and weighed. The loss shows the quantity

of carbonic acid expelled during the process.

This apparatus is bulky. It requires a scale-pan of nearly 4 inches

diameter to contain it ; and as sulphuric acid is used, it is only suitable

for the testing of alcaline (and not earthy) carbonates.

/\.
Geissler's Apparatus.

—This is a modification of the apparatus of

Fresenius and Will, made in a single piece, so as to be more easily

weighed. The carbonate, with some water,

is.'placed in the bulb a, through the opening
marked h. The sulphuric acid is put into

the bulb h by the neck t. At d there is a

glass stopcock to regulate the flow of the

sulphuric acid. The disengaged carbonic acid

gas passes off by the tube c, c, c, through the

sulphuric in 6, and away into the air through
the tube t, g. The point f must be closed

with a ball of wax during the operation.
When the disengagement of carbonic acid

ceases, air is to be drawn through the appa-
ratus from/ to g, by suction at g.

This apparatus can only be used with sul-

phuric acid
;
and after each operation it must

i)e completely emptied, which is trouble-

some.

5. Another Modification of Apparatusfor this Experiment.
—

Fig. 362

represents an apparatus which is a little more com-

plicated than the preceding, but which is free from

some of their disadvantages. The carbonate that is

to be tested is ]3ut by the neck h into the bottle A.
The acid by which the carbonate is to be decom-

posed is put into the tube a, whence it is ])ermitted
to escape by the stopcock b and the bent tube c.

Kitric acid can be used when desired. The sulphuric
acid by which the carbonic acid is to be dried is put
into the tube / by the mouth g. The carbonic acid

gas, which is expelled from the carbonate, passes by
the bent tube e into the sulphuric acid contained in

/, and thence by the tube g into the air. At the end
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of the operation, air is drawn through the apparatus from h to g^ by
suction apphed at g. As the bottle A can be emptied at the end of

each operation without emptying the acid tubes, a and/, and as nitric

acid can be used in the tube a, this apparatus is more convenient than

the others.

6. Mohrs Apparatus.
—The apparatus represented by fig. 363 vvas

contrived by Dr. F. Mohr. It consists of a wide-necked glass flask,

closed by a cork, which is twice {perforated, and which

carries in one hole a bulb-tube filled with strong nitric

acid, and closed above by a pinch-cock, pressing a

caoutchouc connector, and in the other hole a small

chloride of calcium drying-tube. The weighed portion
of the carbonate that is to be analysed is placed with

some water in the flask, the acid is sucked up into the

bulb-tubes, and the apparatus being then put together,
as shown in the' figure, is weighed. The acid is then

made to descend slowly by gently squeezing the pinch-

cock; and when it has all passed down, the flask is

gently warmed, and atmospheric air is sucked through
the chloride of calcium tube while the pinch-cock is held

open, a second chloride of calcium tube being at the

same time connected with the neck of the bulMube.
A great many other forms of apparatus have been con-

trived for the testing of carbonates, but the above give a sufficient idea'

of the nature of the processes employed.

Properties of the Oxalates.

The composition of oxalic acid is represented by the formula HCO*,
or, when crystallised, HCO* -f- HHO. The composition of a neutral

oxalate is represented by the formula MCO*, in which M is the equiva-i
lent of any basic radical w^hatever. The oxalates have a great tendency«i
to combine with one another

;
that is to say, the neutral oxalates com-

bine with oxalic acid, or with one another. This intercombination goes
to such an extent, that a salt is known which contains no less than

18 simple oxalates. Its formula being 13 (Am,CO*) -\- 3(MgC0*), or

Am^^Mg*, (CO'')'^. That is an extreme case; but common forms of

ox-.ilates ai-e—
KCO'' Neutral oxalate.

KCO^ -f HCO' Binoxalate.

KCO* -f- 3HC0^ Quadroxalate.
KCO' -f CucCO' Double oxalate.

KCO' 4. 3CrcC0^ Quadraple oxalate.

The neutral oxalates are sometimes anhydrous; but many oxalates

contain water of crystallisation. The alcaline oxalates are soluble in
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water. The oxalates of the earths and of most of the metals are in-

soluble
;

that of lime, CaCO* + HHO, being the most insoluble of all

the salts of lime and of all the oxalates. The oxalate of soda is the

least soluble of all the salts of soda. Most of the oxalates that are

insoluble in water can be dissolved by strong acids. Hence a solution

that is to be precipitated bj oxalic acid should contain no free acid of

another kind. On the contrary, it should contain an excess of ammonia,

yet not always, for the oxalates of cobalt and nickel, for example, are

soluble in ammonia.

The soluble oxalates are formed by the saturation of oxalic acid with

oxides or hydrates. Thus, with caustic potash and oxalic acid we pre-

pare oxalate of potash, KHO + HCO^ = KCO"^ + HHO. The inso-

luble oxalates are formed by double decomposition. Thus :

CaCl NaCl
NaCO^

"
CaCO^

Experiments.

1. Heat a few crystals of oxalic acid on a piece of platinum foil in

the open air. They fuse apd volatilise entirely without becoming

black, or leaving any fixed residue :
—

HCO^ + HCO« ^ CO* 4- CO'^

+ O (from the air) HHO.

2. To a hot concentrated solution of caustic potash add a hot con-

centrated solution of oxalic acid till the mixture is neutral, the liquor

then contains neutral oxalate of potash :
—

KHO + HCO^ = KCO* 4- HHO.

To that mixture add exactly as much more oxalic acid. The mixture

will then contain binoxalate of potash
= KCO^ -H HCO^ which is a

crystallisable salt.

3.
The oxalates of potash, if calcined on platinum foil, burn with-

out blackening (by which they are distinguished from tartrates), and

produce carbonate of potash.

4. A solution of sulphate of lime in water, which is extremely dilute,

when mixed with a solution of oxalic acid or oxalate of ammonia, gives
a precipitate of oxalate of lime, showing the insolubility of the oxalate

of lime.

5.
A solution of oxalic acid applied to the brown stains produced by

writingriiik on paper or linen removes them. The acid must afterwards

be washed away.
Detection of Oxalates. See page 95.

Decomposition.
—The oxalates are all decomposed when heated with

strong sulphuric acid, giving off carbonic acid and carbonic oxide as gas
in equal quantities. See page 357. They are also decomposed when
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heated alone, the products of the decomposition being then different,

according to the nature of the bases ;
thus :

—
FeCO* produces Fe and CO^
KiCO^ „ Ni and CO^
CoCO* „ Co and CO*

M^Co'} P^'^^^^^ MgMgO and CO^ + CO.

In certain cases the products of the decomposition depend upon the

degree of heat at which it is effected. Thus, 2 atoms of CaCO* pro-
duce—

When gently heated :

CaCaCO' + CO.
When strongly heated :

CaCaO + CO* + CO.

It might appear, from the above characters, easy to obtain certain

metals in a pure state by the simple ignition of their oxalates; but

difficulties occur in the execution of the necessary experiments. If, for

example, the oxalate of nickel is ignited in a plumbago crucible, there

is a disengagement of carbonic acid and .a separation of metallic nickel ;

but simultaneously the nickel takes up carbon from the plumbago crucible,

and produces a brittle carburet of nickel. If the operation is effected in

any kind of clay or porcelain crucible, the metal combines with the silica

of the clay, and destroys the crucible before the fusion can be effected.

OXALIC ACID.

Formula of the Effloresced Acid, HCO*; Equivalent, 45. Formula

of the Crystallised Acid, HCO*-j-HHO; Equivalent, 63. The atomic

measure of gaseous oxalates is i volume, because the radical C measures

nothing when in salts.

Occurrence.—In the juice of wood-sorrel, and in many other plants 2.
in combination with potash or lime. *-

Preparation.
—Pour six parts of nitric acid of

50*^ upon one part of

refined sugar or starch, and boil the mixture in a retort. Carbonic acid

gas and nitric oxide gas will be disengaged in large quantities. Distil

over the greater part of the acid, and then allow the liquor in the retort

to cool, whereupon the oxalic acid will be deposited in crystals. The

operation can also be performed in a jx)rcelain basin, when the gases and

nitric acid are not to be collected. Drain these crystals from the acid

liquor, dissolve them in hot water, evaporate and recrystallise. This

may be repeated till the oxalic acid is pure. Four parts of sugar yield
one part of oxalic acid. The crystals should be perfectly white, and

when ignited in a platinum capsule should leave no residue. It is, how-

ever, very difficult to iVee oxalic acid from a trace of potash, which is

derived from the sugar or starch from which it is made. The crystals
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that are first deposited in a crystallising solution of oxalic acid contain
more potash than the main crop of crystals. The following figm-es

represent porcelain drainers adapted
to separate crystals from their mother-

liquor.

The solution of sugar in nitric acid

is practised in the large way by ma-
nufacturers of oil of vitriol for the

sake of the nitric oxide gas which it 364. J65.

affords, and which is necessary for

the conversion of sulphurous acid into sulphuric acid, as will be ex-

plained in the section on Sulphur. The oxalic acid is obtained as a

secondary product.

Properties of Oxalic Acid.—Clear colourless crystals, very acid, but

not unpleasant in taste. Dissolve in 9 parts of cold water, but in a

much less quantity of hot water
; a saturated solution at 62° F. is some-

thing less than 12^ strong. See page 106. One part of oxalic acid in

200,000 parts of water reddens blue litmus. The crystals effloresce in

the air. In a moderate heat the effloresced acid can be sublimed

in glass vessels for the most part undecomposed. But the effloresced

and sublimed acids are never so constant in their composition as the

crystallised acid. Heated to 212° E. the crystals give off water and

melt, and at 311° F. the acid boils and is decomposed, producing car-

bonic acid and carbonic oxide as gas, and a solution of formic acid in

water. It is also decomposed by hot oil of vitriol. See page 356.
A weak solution of oxalic acid has an agreeable acid taste, and may

be drank with perfect safety ;
but in the state of a concentrated solution

it is a deadly poison. In the crystallised state it has much the appear-
ance of Epsom salts; instead of which it has sometimes been taken

accidentally, and proved fatal. The mode of distinguishing oxalic acid

from Epsom salt is as follows :
— i . Taste the solution : Epsom salt is

bitter; oxalic acid extremely sour.—2. Pour a little tincture of litmus

into the solution : if Epsom salt be present, the blue colour will remain

unchanged ;
if oxalic acid be present, the blue will be turned to red.—

3. Tincture of cabbage, or any other coloured vegetable infusion, or a

slip of litmus test-paper, are all acted upon by the acid (which changes
their colours), but not by the salt.—4. Oxalic acid, when dropped into

water, makes a crackling noise, which Epsom salt does not. The best

antidote to a dose of it is an emetic, aided by copious draughts of warm
water, containing chalk, or common carbonate of magnesia.

Ultimate Analysis of Okganic Compounds.

As oxalic acid contains the three elements which are common to a

vast number of organic compounds—carbon, hydrogen, and oxygen
—I

will give an account of the mode of analysing it, so as to determine in
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what proportions these three important elements are combined together
in this salt. According to the formula given above, the composition of

crystallised oxalic acid is as follows :
—

I atom of carbon, C = 1 2

3 atoms of hydrogen, H^ =
3

3 atoms of oxygen, O^ = 48

H,CO* + HHO = 63 |4
The following are the experiments by which this formula is justified :

—'

Combustion of Oxalic Acid.—Take 2 1 grains of dry crystals of oxalic

acid, reduced to fine powder ;
mix it with 20 or 30 times its weight of

pure black oxide of copper, recently calcined and perfectly dry ; place
it in a tube of infusible Bohemian glass of the form shown by fig. 366,

> i
366.

and by a, 6, in
fig. 367. This tube is to be about 24 inches long and

|- inch in diameter, open at the end a, and closed at the bent contracted

end h. Above the mixture you are to put black oxide of copper, until

the tube is filled within an inch and a half of the end a, and the tube,

so filled, is to be placed on an iron furnace, such as is represented in

fig. 367, and is to be connected by means of a very sound cork, or with

a stopper made of vulcanised caoutchouc, with the glass tube vessels

shown at letters A, B, C. The tube A is to contain fragments of pumice

^367.

stone saturated with concentrated sulphuric acid ; the bulbs B are t<f

contain a concentrated solution of caustic potash ;
the tube C is to be

filled with fragments of pumice-stone saturated with concentrated solu-

tion of caustic potash. Finally, you are to connect the end of the tube

C with an aspirator, not, however, as is represented in
fig. 367, but

with the intermediate tube that is represented by letter I, in fig. 223,
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page 222; which intermediate tube is to be filled with fragments of

pumice-stone, saturated with concentrated sulphuric acid, in order to

prevent the passing back of vapour of water from the aspirator into the

tube C.

The tube A is to be weighed by itself. I will call the weight P.

The tubes B and C are to be w^eighed together. Their weight is found

to be P'. Of course, these weights include the contents of the tubes as

prepared for the subsequent process.

The apparatus being thus arranged, you are to heat to redness, by
means of a charcoal fire, that portion of the tube «, &, which contains

the oxide of copper that is unmixed with organic matter; and when the

oxide of copper is become red-hot for a length of six or eight inches,

you are gradually to permit the charcoal to become ignited about that

portion of the tube a, b, which contains the mixture of oxide of copper
with oxalic acid. The decomposition of that acid then soon commences.
At a red heat the oxide of copper is reduced to metallic copper, and

gives up to the organic substance the quantity of oxygen which is

required to convert its carbon into carbonic acid, and its hydrogen into

water. These are the only products of the resulting decomposition.
The mixture of carbonic acid gas and vapour of water passes into the

tubes A, B, C. The sulphuric acid contained in the tube A retains the

vapour of water, but not the carbonic acid gas. This passes into the

tubes B and C, where it is absorbed by the caustic potash, most of it

in the bulb apparatus B, and the residue in the U-tube C. You are to

continue and extend the application of the red-hot charcoal until the

tube a, b is ignited from end to end. The combustion of the oxalic

acid will then be at an end, and the gas will cease to bubble into the

apparatus B. Some care is now required in the management of the

bulbs to prevent the solution in them from passing backwards into the

tube A
;
but as I am not giving such detailed instructions as would be

necessary to enable you correctly to perform an ultimate analysis, but

only such as serve to explain the principles upon which an ultimate

analysis is founded, I pass over the details of manipulation, which can

be found in works expressly devoted to that subject.
The carbonic acid gas, and the vapour of water produced by the

combustion of the oxalic acid, are not entirely absorbed by the liquors

placed in the three tubes A, B, C ; a little still remains in the com-
bustion-tube a, 6, which it is necessary to drive thence into the absorp-
tion-tubes. You manage this as follows :

—Remove the charcoal from
the closed end of the tube 6, and when this portion is become cold, you
are to break off the tip of it, and immediately to apply, with the help
of a caoutchouc joint, a tube of the form of

fig. 368, containing frag-
ments of caustic potash. At the same time water is allowed to escape
from the aspirator by opening its stopcock. A current of atmospheric
air is thus drawn through the whole apparatus. This air deposits both
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its water and its carbonic acid with the caustic potash placed in the

tube, fig. 368. It passes thence, in a pure and drj state, into the com-

bustion-tube, a, 5, can'ies

Dwith
it the vapour and car-

bonic acid still remaining in

"^^^—^ that tube, and proceeds
^ thence through the tubes

A, B, C, depositing in its passage the vapour and the carbonic acid

which it thus sweeps out of the tube a, 6, into their proper receptacles.
In this manner about a quart of w^ater is to be suffered to escape slowlj
from the aspirator. The whole of the products of the combustion of

the oxalic acid will by that time be condensed in the absorption-tubes,
and the operation is ended. The flow of water is then to be stopped,
and the tubes are to be detached and weighed. j^

1. The weight of the sulphuric acid tube, A, in which the water hasr i
been condensed, may be called Q.

2. The joint weight of the tubes, B and C, in which the carbonic

acid has been absorbed by caustic potash, may be Q'.

It is evident that the water produced by the combustion of 21 grains
of oxalic acid must weigh Q — P, and that the carbonic acid produced

by the same combustion must weigh Q' — P'.

If the experiment has been correctly performed, you will find the

weights to be—
Q — P = 9 grains.

Q' — P' = 14*67 grains.

Now, 9 grains of water contain i grain of hydrogen, and i\'^'] grains
of carbonic acid contain 4 grains of carbon

;
and since oxalic acid con-

tains nothing else than hydrogen, carbon, and oxygen, it follows that

the 2 1 grains submitted to analysis consist of—
Hydrogen . , i grain.
Carbon ... 4 grains.

Oxygen . . .16 grains.

To determine the relation of the equivalents of the three elements which

exist in oxalic acid, you have to divide these weighed quantities, each

by the chemical equivalent of the element. You thus find—
I -h I = I

" = hydrogen.

4-^12= '333
= carbon.

16-^ 16 = I
• = oxygen.

These numbers are equivalent to—
Hydrogen .... 3
Carbon i

Oxygen 3

Consequently, to H^CO^ This is the teaching of ultimate analysis,

which shows us only the ultimate atoms that are present in a compound,
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and not how these atoms are arranged into proximate constituents.

By other experiments, to be presently described, you are able to prove
that crystallised oxalic acid is separable into water and the oxalate of

hydrogen, or into

HCO^ + HHO.

Beyond that all is theory or conjecture, both as respects the composition
of the salt, H -|- COS or HO + CO, and of the water, H + HO, as I

have fully explained in preceding sections.

Separation of the Water of CrystalUsationfrom Oxalic Acid.

When the crystals of oxalic acid are heated they give off a certain

quantity of water, and produce the effloresced or the sublimed salt.

The result of the exposure to the action of heat is that 63 grains of

HCO^ 4- HHO produce about 45 grains of HCOS the quantity of water,

HHO, given off being about 18 grains. When the heating takes

place in the open air the product is never exact or constant ;
but it is

possible to secure accuracy by the process which follows :
—

Put into a bent glass tube, of the form shown by fig. 369, and the

wide part of which is about
3 inches long and i inch in diameter, a

quantity of dry pulverised crystals of pure
oxalic acid. The tube, previously made clean

and dry, is first weighed empty, then the pul-
verised acid is put into it, and it is again

weighed. You must take care not to soil

the wide neck of the tube through which the

powder is inserted. I will suppose, as before,

that you operate upon 2 1 grains of the crys-
tallised acid, very accurately weighed. The bent tube, fig. 369, is then
to be placed in the position shown by a, 6, c, J, in

fig. 370, where a

369.
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shows the wide end of the tube and d the narrow end. The flask V is

an aspirator for drawing air through tlie apparatus. The bent tube A
is filled with fragments of pumice-stone, saturated with concenti*ated

sulphuric acid. The tube B is prepared in the same manner. The
bent tube, a, 6, c, cZ, is placed in an iron bath, placed over a furnace,

Mid containing water, which is kept boiling. The same apparatus is

used when higher degrees of heat are required, and in each case the par-
ticular degi-ee of heat is regulated by the kind of liquor that is heated in

the iron bath. Thus, while water boils at 212° F., other water, satu-

rated with common salt, boils at 230° F., while oil afibrds a heat of

^ upwards of 300° F. A mercurial thermometer, fig. 371,

plunged into the bath shows its temperature at any moment,
and by a judicious management of the fire, any desired inter-

mediate degree of temperature can be readily obtained.

When the stopcock of the aspirator is opened, water escapes
and atmospheric air is drawn through the apparatus in the

direction of A, a, 6, c, c?, B, V. The air is dried in the tube

A, and passing in a dry state into the heated tube a, 6, c, c?,

it readily takes up a quantity of water from the crystals, as

much, if the operation is continued long enough, as the

crystals are able to yield up at 212° F. When the aspi-

rator V is empty, the tube a, 5, c, c?, is removed, wnped dry,
and carefully .weighed, with its contents. The difference

between the two last weighings shows how much water the

crystals have vielded to the current of air that has passed
over them in the hot bath. But it is a precautionary neces-

sity to ascertain whether the crystals, if exposed to the same

degree of heat for a longer period, would lose an additional

quantity of water. To determine this point, the tube, a, 5,

c, d, is replaced in the bath, the vase, V, is refilled with water,

, j^
and the operation is repeated. When the vase is again empty,
the bent tube is again weighed. If the weight is the same as

before, it shows that the acid has lost all the water wliich it can lose at

that temperature ;
but if the weight shows that there has been a further

loss of water, the operation must be repeated a third time, and even

again, until two successive weighings show the same result.

On operating in this way on 2 1 grains of crystals of oxalic acid, we
find a loss of 6 grains, which is equal to a loss of 18 grains from

63 grains, and, therefore, justifies the formulae which I have given

above, namely
—
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Hydrogen . . . H' = i

Carbon . . . C = 12

Oxygen . . . O''^ =
32

Effloresced Acid =45
Water i^^'^^'^'Sen

H^ = 2

^^^^""^lOxygen . O' = 16

Crystallised Acid =
^3 = HCO* -}- HHO.

Analysis of the Oxalates.

In some cases there is a difiiculty in distinguishing between the

oxygen and hydrogen which form the water of crystallisation of an

organic acid, and corresponding quantities of the same two elements

forming part of the compound radicals contained in the acid. The
chemical equivalent of an acid is, therefore, never fixed, without an

analysis being performed on some of its salts that contain a fixed basic

radical, such as potassium, barium, lead, or silver.

If we take a solution of oxalate of potash, and mix it with a solution

of nitrate of lead, we obtain a white precipitate which is oxalate of lead,

the formula of which, as can be demonstrated by a direct analysis, is

Pb,CO*. The first step in this analysis consists in weighing a quantity
of the dried oxalate of lead in a platinum crucible, and making it red

hot over a spirit-lamp. The oxalate is decomposed, and oxide of lead

remains :

PbCO' 1 _ i Pb,PbO
PbCO* I

~
I C0« + CO.

The second step of the analysis consists in repeating the process of

combustion with oxalate of lead instead of oxalic acid, observing all

the precautions which I have just detailed. The result affords no water,
because there is no hydrogen present in dried oxalate of lead

;
but it

aflbrds a quantity of carbonic acid commensurate with the quantity of
carbon shown by its composition = PbCO*, which yields,

Lead Pb* =
103 '51

Carbon C^ = 12 \ =
i^'j'^

Oxygen O* = 32 J

By two comparative analyses we consequently come to this result :
—

Oxalic acid = H,CO«
Oxalate of lead = Pb,CO*.

And from these data it is concluded that the replaceable hydrogen of
the oxalic acid is in the condition of its basic radical, and that the acid

radical of the oxalates consists of carbon alone.

2c
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The Oxalates and Carbonates of Ammonia, and the Compounds
produced by their decomposition.

A. TJie Oxalates of Ammonia.

There are three varieties of oxalate of ammonia, which, in the state of

crystals, have the following composition :
—

NH^CO' + J Aq. Neutral oxalate.

NH^CO^
TT

(~ir)2
c + Aq. Binoxalate.

NH^CO« 1
,

. ^ ,
, ,

^ /
jj QQ2N

> + 2 Aq. Quadroxalate.

The whole of these can be deprived of their water of crystallisation by
careful heating at 2I2° F. The neutral salt can be made by neutralising
a solution of oxalic acid with ammonia or carbonate of ammonia. The
binoxalate precipitates when a solution of oxalic acid is added to a

solution of the neutral oxalate. The quadroxalate is formed by crvstal-

lising a solution which contains equal parts of the crystallised binoxalate

of ammonia and crystallised oxalic acid.

Oxamid.—When neutral oxalate of ammonia is subjected to "dry dis-

tillation in a retort, it suffers a decomposition, which may be represented
as follows :

—
NH^CO« = NH«,CO + HHO.
Oxalate of ammonia = Oxamid -f- Water,

The products of the decomposition are water, and a new salt, which
contains amidogen instead of ammonium, and only one atom of oxygen
instead of two atoms. Other products of decomposition, afforded by
other atoms of the oxalate, appear at the same time and complicate the

process, and, indeed, this is not the best means of preparing oxamid,
but 1 quote it for theoretical considerations, as it affords an idea of one

of the methods by which salts of ammonium are converted into salts of

amidogen, namely, by the abstraction, at a high temperature, of two atoms

of hydrogen and one atom of oxygen in the state of one atom of water.

Oxamid is a white crystalline powder, without taste or odour, or

action on test-papers. It is insoluble in w^ater. When heated gently
in a glass tube it sublimes. When heated strongly it fuses, and is ulti-

mately decomposed, affording a great variety of compounds, according
to the degree of heat at which the decomposition is effected. When its

vapour is passed through a long glass tube, heated to redness, it affords

the following products :
—

!C0

Carbonic oxide.

CO* Carbonic acid.

NH^CN Cyanide of anmionium.

NH*,CNO Cyanate of ammonia.
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When oxamid is boiled with a diluted acid, such as sulphuric, nitric,

or hydrochloric, the amidogen is again converted into ammonium, which

combines with the radical of the strong acid. Thus :
—

Oxamid . . NH^CO]
f NH^SO' Sulphate of ammonia.

Sulphuric acid H,SO"^> = < rr nr\i r\ ^^ -1

Wa'ter . . H.HO j 1
^,00' Oxalic ac.d.

When oxamid is heated with potassium, an inflammation occurs, and

the products are cyanide of potassium and water :
—

NH^CO 4- K = K,CN + HHO.

When oxamid is boiled with a solution of caustic potash, ammonia is

disengaged, and oxalate of potash is formed :
—

NH^CO _ NH^H Ammonia.
KHO ~

KCO"^ Oxalate of potash.

When oxamid is put with water into a glass tube, and this is sealed

hermetically, and heated to 435° F., the oxamid is converted into

oxalate of ammonia :
—
NH^CO + HHO = NH^CO^

We* have in these experiments clear demonstration of the facts, that

ammonium can be readily reduced to amidogen, and amidogen again be

readily restored to the condition of ammonium. The interest of these

decompositions lies in this, that similar effects occur with the compound
ammoniums that are formed by organic radicals, and also with other

acid radicals than carbon, and these transmutations give origin to a great

variety of remarkable compounds.
Oxamates.—Just as the neutral oxalate of ammonia can be deprived

of an atom of water, and be converted thereby into oxamid^ so can the

binoxalate of ammonia be deprived by a similar process of an atom of

water, and be converted into a substance which has been called

Oxamic Acid:—
Binoxalate of JNH*,CO'') _ jNmCO + HjCO^ Oxamic acid,

ammonia t H,CO^(
~
[HHO Water.

This oxamic acid is, in fact, a double salt composed of the neutral salt

oxamid = NH^CO, combined with unaltered oxalic acid = H,CO^ and
this oxalic acid retains its usual saturating power, and can exchange its

basic hydrogen for any other basic radical, such as NH*, Ba, Ca, Ag, &c.

Thus, the oxamate of ammonia has the formula NH*,CO -{- NH^CO*,
and the oxamate of ethyl is NH^CO + C''H^CO^

The oxamic acid is white, crystalline, granular; it dissolves very
sparingly in cold water. When its aqueous solution is boiled, its

amidogen is reconverted into ammonium, and the oxamic acid again
becomes binoxalate of ammonia :

—
NH^CO + H,CO* + H,HO = NH*,CO^ + H,CO^

2 c2
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Neutral Oxalate of Ammonia deprived of two equivalents of Water.

Origin of Cyanogen.
—When neutral oxalate of ammonia is deprived of

two atoms of water, it is reduced to the condition which is shown in

the following equation :
—

NHHHH
;
COO = (HHO + HHO) + (N + C).

Oxalate of ammonia = Water + Residue.

All that is left of the salt is the acid radical C, and the azotic atom N,
which was the prime agent of the compound positive radical ammonium,
but which, in its isolated state, is a powerful negative radical. These
two atoms, thus freed from oxygen and basic radicals, combine together
and produce cyanogen, which is usually marked CN or Cy. This com-

pound is not a salt composed of two radicals, but a single acid radical,

energetic in its chemical powers, yet having the saturating capacity of

only one atom. This fact is worthy of particular notice, because nitrogen
and carbon have each separately the saturatincr capacity of one radical,

though, when combined, they have together only the saturating capacity
of one radical. Thus nitrogen, which, in positive radicals, paralyses the

saturating capacities of the two or four radicals with which it produces
araids and amnions, has its own saturating capacity paralysed when it

enters into a negative radical in company with carbon.

B. The Carbonates of Amjnonia.

I have shown, in the section on the Carbonates, that there are tw

kinds of carbonates, the neutral and the acid. These two varieties

when containing ammonium, must have the following composition :

The neutral salt = NH*,NH^ CO^
The acid salt = H,NH^ CO^

The neutral salt exists, as such, only in its aqueous solution. Wlien

any attempt is made to dry it, an atom of water goes off, and we obtain

an amidogen salt. Thus :
—

NH*,NH*; CO^ - H,HO = NH^NH^ C0^
which may be compared to a combination of oxamid with an oxide of

ammonium :—NH^CO + NH*0.

Carbamic Acid.—When gaseous ammonia is made to act on gaseous
carbonic acid, there occurs a condensation in the proportion of two

volumes of carbonic acid gas to four volumes of ammonia gas, pro-

ducing the following result :
—

NH^H -f NH*,H 4- CO' = NH*,NH« ;
C0«.

This compound has been called carbamate of ammonia, and it has been

assumed that it contains the carbamic acid, an imaginary acid, of the

existence .of which we have no proof, and which is a phantom with

I
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which we need not trouble ourselves. The systematic nomenclature

which I have recommended would supply this compound with a name
that would express its constitution without calling in the assistance of

any myth whatever :
—

]SH^NH*; CO^ = Amraona amida carbete.

All the known carbonates of ammonia are compounds of the three

substances here named. Tiiere are a good many varieties resulting from

the facility with which the two normal salts give off more or less, HHO,
and so introduce complex mixtures. I have investigated the subject

fully in my work on the Radical Theory. Here, I will only notice the

common carbonate of ammonia of commerce, which has the formula,

2(H,NH^ C0«) + Nff,NH« ;
CO^

This is usually called the sesquicarbonate, but it is erroneously so called,

since the true sesquicarbonate should have the formula,

2 (H,NH^ ; CO') + NHSNH* ;
C0^

When the sesquicarbonate of commerce is dissolved in water, it may be

assumed to take up HHO, and to be converted into this regular salt.

Carhamid.—If we suppose an equivalent of neutral carbonate of

ammonia to be deprived of two equivalents of water, we have for

residue a substance which has been called carhamid :
—

NH^NH* ;
CO' - (HHO 4- HHO) - NH^NH^CO.

Carbonate of ammonia — Water = Carbamid.

Cyanate of Ammonia, or Urea.—I do not agree with the conclusions

presented by the last equation. It appears to me that the residue

afforded by the process should be arranged as follows

NH*,CNO = Cyanate of ammonia.

This substance, of artificial formation, is identical with an important
animal substance which occurs in urine, and is known by the name of

Urea.

The reasons which guide me in forming the opinion that carbamid
does not exist are detailed in my work on the Radical Theory, in the

articles on Carbamid, Urea, and the Carbamates.

Reconversion of the Nitrogen of Cyanogen into the Ammoniacal
condition.

I have shown that the nitrogen contained in the oxalates and car-

bonates of ammonia can be converted into cyanogen, and be made to

produce cyanides and cyanates. It is necessary to call attention to the

corresponding fact, that the nitrogen of cyanogen can be reciprocally
converted irto the condition of amidogen and ammonium. The play of

affinities which thus transfers nitrogen from positive radicals into nega-
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tive radicals, and thence back again into positive radicals, is of immense

importance in all the operations which concern organic compounds.
There can be little doubt that many of the transmutations which occur

in living plants and animals are due to the active chemical agency of the

element nitrogen.

Examples :

i H,CN + H,C1 1 _ JNH^C1
^*

t H,HO + H,HOf
-

1 H ,CHO*.

One atom of hydrocyanic acid, one atom of hydrochloric acid, and

two atoms of water, produce one atom of chloride of ammonium, andl-

one atom of hydrated formic acid = H,CHO*. I
;

K,CN + H,C1 -1- H,C1 I _ f NH^CI I J

,H0 + H,HO f

"
I K,C1

I H,CHO*.

One atom of cyanide of potassium, two atoms of liydrochloric acid,|.
and two atoms of water, produce one atom each of chloride of ammo-l 1

nium, chloride of potassium, and hydrated formic acid.
| ]

^ J K,CN 1
, j K,CHO«

3*
I H,HO + H,HO j

"^
t N H^H.

One atom of cyanide of potassium boiled in a close vessel with two

atoms of water produces one atom of ammonia and one atom of for-

miate of potash.

J K,CNO + H,HO 1 _ [NH^SO^
4-

1 H,SO^ + H,SO* j

~
< K ,S0«

[ G0\

One atom of cyanate of potash, one atom of water, and two atoms

of hydrated sulphuric acid, produce one atom each of sulphate of

ammonia, sulphate of potash, and free carbonic acid.

5-
1 H,HO + H,HO )

- ^^ '^^ ' ^^•

One atom of urea (cyanate of ammonia), heated in a sealed tube

with two atoms of water, produces one atom of carbonate of ammonia.

6. See page 357, process 4.
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I propose to give here a slight sketch of organic chemistry : to show,
as briefly and as clearly as I can, some of the methods by which the

hand of Providence builds up from the four elements, carbon, hydrogen,

nitrogen, and oxygen^ the multitudinous beautiful objects which consti-

tute the living world. No doubt my account will be very imperfect.
There is no room, in an elementary work like this, to give illustrative

details on all points of so immense a subject; nor would my knowledge
enable me to approach completeness were I to attempt it. I shall con-

fine myself to a limited range of topics, such as I hope will give the

student distinct general notions of the nature of organic chemistry, and

of the relative importance and general bearings of its different branches.

More than general notions it would be vain to attempt to give.

Nature has ordained that the elements carbon and hydrogen shall

together constitute a series of compounds which are called compound
radicals, and which act in organic chemistry a part similar to that which

is acted in mineral chemistry by the substances which we call elements^

or elementary radicals. These radicals, therefore, command our attention.

G)mbined with one another, with oxygen, with nitrogen, and with

many mineral radicals, they produce a great variety of salts, which also

command our attention.

For the sake of brevity, and in order to convey comprehensive notions

of each branch of the subject, I shall, as far as possible, group both the

radicals and their salts into such masses as will show their relative

importance and their dependence upon one another.

As it will be necessary to quote a good number of examples, and as

space cannot be spared to describe each in detail, a few important com-

pounds of each class will be selected for special description, to serve as

illustrations of the whole.

In the main, therefore, what I have to say will fall under three

heads, i.) An account of the organic radicals which are procurable
from vegetable and animal bodies. 2.) An account of the groups or

series of compounds which they produce by intercombination. 3.)

Special descriptions of the most important and characteristic compounds
of each series.

The difficulties of organic chemistry arise less from the number of its

particular facts, than from the complexity and the perplexities of its too

abundant theories and hypotheses. In the present sketch I intend to

adhere as logically as I can to a single theory, according to which all

the phenomena will be explained. I allude to the " Radical Theory,"
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upon which I have recently pubhshed a comprehensive treatise, to which
I must refer those readers who wish to investigate the experimental
evidence and arguments upon which are founded the important con-

clusions that are used in this work as chemical axioms.

Neutral Organic Compounds.

A great proportion of the solid mass of plants, and of the substances

dissolved in their juices, consists of compounds which contain carbon

united to those quantities of oxygen and hydrogen which are necessary
to compose water. Thus, C -|- HHO. We can account for the pro-
duction of such compounds in plants by assuming that water = HHO
and carbonic acid = COO, which are the main food of plants, combine

together under separation of that quantity of oxygen which is not re-

quired for the constitution of these compounds, or the health and growth
of the plants of which they form a portion. The separation of a portion
of the oxygen, and the combination of the residues of the carbonic acid

and water, a])pear to take place in the cells of the leaves of the plants when

they are exposed to sunshine. The two compounds, COO -|- HHO, give
oft' 00, and produce CHHO. That, under such circumstances, growing
plants do give off" oxygen gas in large quantities was ascertained many
years ago, and is a fact easy of verification by experiment. But whether

the compound CH'^0 is or is not formed as I suggest, it is at present

impossible to determine. I suggest it as possible, and even probable.
The product, CH*0, appears to me to be the oxide of the important
neutral radical which I liave called Vinyl = CH^ Accordingly, I pro-

])ose to give to this compound the systematic name of Vinylate, which

corresponds with the formula CH^O.
The relation borne by Vinylate to certain important neutral vegetable

substances may be expressed as follows :
—

CH*0, Vinylate. This is the composition of fructose, sugar of fruits,

or grape sugar, and no doubt of the sweet juices of a vast number
of plants. It is the substance upon which they grow, that which

yields them their nourishment
;

in short, it is the blood of plants.
A slight change in composition converts this blood of plants into the

fixed solids which give to plants their stability, and also into some
of the compounds which render plants suitable for the food of

animals.

CffO. Milk sugar, undmd.
C + (CH^O)*. Dried milk sugar.
C + (CWOy -f HHO. llilk sugar, undned.

This last formula is merely 5 times CH*0.

C -f (CH*0)\ Starch, cellulose, woody fibre
;
such as pure flax,

cotton, or paper.
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C + (CH'Oy + HHO,HHO. Glucose, starch sugar. This com-

position may also be rendered by the formula (CH'^0)^ -j- Aq.,

namely, 6 atoms of vinylate with i atom of water.

C + (CH'^0)^. Lignin ; but this compound is of vai'iable compo-
sition when procured from different plants.

C -j- (CH^O)^ Inulin. Starch irom chicory, dahlia, &c.

C + (CH*0)". Cam sugar. Also gum arable (arabin).

Here we have a series of most important compounds, comprehending
woody fibre, the gums, starches, and sugars

—the solid structure of trees,

the sweet juices of plants, and even the sweet principle of milk, all of

which seem to be reducible to compounds of vinylate, united, atom
after atom, to a single atom of carbon = C + CffO -f-CH^O -f CffO,
CH^O, &c., just as in the composition of amidogen and ammonium those

compounds are formed by the successive combination of atoms of

hydrogen with a single atom of nitrogen. See page 313.
It is impossible to glance over this little list of compounds without

being struck with amazement at the extreme simplicity of the arrange-
ment by which the wisdom of Providence guides the atoms of carbon,

oxygen, and hydrogen to produce compounds that are so important, and
that lead to such beneficial results. How wonderful it is that the sweet

juice which nature so readily produces from carbonic acid and water

should be the chief food of plants, that it should also be a prime in-

gredient in the milk which nourishes the young of animals, and that

this sweet juice should be capable of ready transformation into the solid

starches which form so considerable a part of corn, rice, potatoes, and
other articles used for food, into the honey of the bee, into sugar, and
also into the vegetable fibre which gives us those important substances,

wood, cotton, linen, paper
—the materials for our fires, our dwellings,

our dresses, our books !

But Nature has not only made those compounds of great simplicity of

constitution, she has given to man the power of modifying them ;
and

though this power has only yet been partially mastered, it shows that

hereafter man may be able to convert to his service the products of

vegetable life more effectually than he has done hitherto. When, for

example, the compounds which contain multiples of vinylate are deprived
of that single atom of carbon which gives to each of them its individual

peculiarities, they are all reduced to the condition of vinylate or grape
sugar. Thus, when cane sugar is acted on by an alcali or an acid, the

atom of carbon is removed and grape sugar remains. This is the reason

why much of the sugar which is contained in the sugar-cane is reduced
to grape sugar in the process of extracting and crystallising the cane

juice. So, also, when starch or woody fibre, such as a piece of linen, is

acted on by an acid, the atom of carbon is removed, and grape sugar is

produced. It would be an important discovery in the chemical arts if
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we could find a method of reversing this operation
—if we could raise

the lower orders to the higher orders of organic compounds—if we
could combine with a multiple of atoms of grape sugar that odd atom
of carbon which is needful to produce cane sugar, starch, or woody-
fibre. That is, however, at present beyond the .power of the chemist,
not only in this case, but in nearly all cases. He can reduce complex
compounds to compounds of a more simple form

;
but in only a few

rare examples can he perform the reverse operation of raising simple
forms to those of a complex nature. That he can do it even in a few
cases affords reasonable hope for greater successes hereafter.

Compound Organic Radicals.

It appears, from these and other considerations, that vinylate, or the

simplest form of sugar, is the nutritive principle of plants, the material

which is employed to form the various radicals which the diHerent orders

of plants, and the different organs of each plant, demand for their sup-

port. The metamorphoses of the sugar probably takes place in the cells

of the green leaves, of the blossoms, or of the fruit
;

in those parts, namely,
where it is acted upon by the light and heat of the sun, and where it is

able to disengage its superfluous oxygen. It is difficult to form a precise
idea of the processes by which this change of sugar into radicals, or into

salts composed of radicals is effected. Probably the walls of the cellsJn
which the operations occur consist of azotic substances, which give them
the power of galvanic batteries. It is possible that the azote of those

cells may be endowed with very active powers, and may, according to

certain conditions of osmose, regulated by light, heat, air, and water,

run incessantly backwards and forwards through its various characters of

amidogen-, ammonium-, and cyanogen-former, and thus repeat in each

particular cell those processes of construction and transformation of radi-

cals which I have endeavoured to describe and classify. IMillions of such

cells exist in a tuft of grass or the twig of a plant. It is known that

they are azotic
;

it is known that azotic cells have a powerful action

even on dead vegetable matter (as in fermentation) ;
it is known that

plants grow vigorously after a thunder-storm
;
and these conditions are

all favourable to the idea that the conversion of sugar into compound
radicals is the work of azote acting with intense electrical force in the

cells of plants exposed to air and light.

The conversion of vinylate
—the sweet juice or the blood of plants

—
into the compound radicals, or the salts of the compound radicals, which

are required for the constitution of the different parts of each plant, is

attended by the discharge of a remarkable quantity of oxygen. The

juices of plants, and the materials of their solid structure ; their woods

iignins, starches, and gums, are largely provided with oxygen ; but the

compounds which give to plants their distinctive pecuharities
—the

causes of their infinitely various tastes, odours, colours, their invigorating
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and their poisonous properties
—contain a very much smaller proportion

of oxygen, and in some cases none at all. The oxygen thus given off

when vinylate is converted into radicals or salts, does not remain accu-

mulated in the plants, for no compounds have been found in them sur-

charged with oxygen. It goes into the atmosphere, from which the

plants derive their supply of carbonic acid, and thus keeps up the quality
of the air by which the earth is enveloped. When the oxygen is dis-

engaged, the residue of the components of sugar can produce an

astonishing variety of radicals which differ according to the wants of the

plants, or to other special circumstances which lead to their production.
I will quote a few instances

; but, first of all, I must premise the expla-

nation, derived from the observation of what generally (but not always)
occurs, that whatever iiumher of atoms of vinylate is acted upon to produce
the required result, all tJie oxygen is disengaged, except two atoms, and
all the carbon and hydrogen are converted into two radicals, a basic

radical and an acid radical, the former of which, as compared with the

latter, contains an excess of hydrogen, while the latter contains an excess

of carbon.

Examples of Salts, each containing two Radicals, produced from a mul-

tiple of Vinylate minus 0\

When jargonelle pears are in course of ripening, the compound which

gives them their odour and flavour is produced by the metamorphosis
of 7 atoms of CH*0 minus 0^ The product is C^H'^C^H^O^ which I

may call amyla acetylete, or the acetate of amyl, a compound which is

now made artificially, and sold under the name of pear-oil or essence of

jargonelles. In the production of this essence, one atom of sugar is

divided into H -f- CH. 5 atoms of CH* then become attached to the

odd atom of H, producing the basic radical amyl = C*H", and i atom
of CH* to the atom of CH, producing the acid radical acetyl

= C*H^ For
this salt, and for all the salts of the vinyl series, only two atoms of

oxygen are required, so that all the rest of the oxygen belonging to the

atoms of vinylate which are required to produce the salt must be dis-

engaged.
All the ethereal essences which give fragrance and flavour to ripening

fruits appear to be produced in the same manner. Thus :
—

Q5jjioQ2^ the residue left by expelling O^ from five atoms of sugar,

produces CH^C^H'O* = methyla butyrylete, or the butyrate of methyl,
which is the essence of the apples called rennets.

(>.ojj.oo2 produces C^H",C»H''0* = amyla valerylete, or valerianate of

amvl, the essence of other varieties of apples.
C^H'^0^ produces C*ff,C*H^O^= ethyla butyrylete, or the butyrate

of ethyl, the oil which yields the delightful flavour of the pine-apple,
and is also used as essence of rum.
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C"H*«02 produces eH»,C^H'^0«= ethyla pelargylete, or the pelargo-
nate of ethyl, which is the essence of quinces. It is said to occur in

many wines.

C^H'^0-^ produces eH\C'H'=^0' = ethyla oenanthylete, or oenanthylate
of ethyl, an oil which gives flavour to Hungarian wine. It is probable
that the flavour of many other wines mav thus be imitated.

C^H'«0« also produces C^H",C/H^O' =' amyla butyrylete, or the buty-
rate of amyl, which is the oil of cognac.

These preparations are now extensively used by perfumers, con-

fectioners, and manufacturers of liqueurs. I might add to the list such

compounds as

C^ff,C^H^O* = Acetic ether.

C*H^NO* = Nitrous ether.

C*H^C1 i= Chloric ether.

All of which also are used by perfumers and draggists, for the sake of

their odour or flavour.

The metamorphoses of sugar into these fragrant essences is only a

single example selected from a multitude of possible changes. The Table

of Examples on the opposite page exhibits a more enlarged view of these

interesting metamorpiioses.

According to this Table, the metamorphoses of 4 atoms of sugar can

produce 4 diflerent complete salts, each with a different acid radical and

a different basic radical. Which of these four compounds is producible
on any given occasion, depends upon the wants of the plant, upon its

power of metamorphosis, or upon other causes which it is impossible to

specify.
In the same manner, 8 atoms of sugar produce 8 different salts.

1 2 atoms of sugar produce 1 2 different salts. 1 6 atoms produce 1 6

salts. 30 atoms produce 30 salts. Hence it appears, that any number
of atoms of sugar can produce by metamorphoses an equal number of

different salts, each salt containing two diff'erent radicals.

Sev^eral particulars resulting from these observations require notice.

a). In all the groups of this Table, every acid radical is combined

with a different basic radical. This fact proves that these radicals are

exchangeable or equivalent, and that, whatever their composition, how-
ever high or however low they stand in the scale, their power of neu-

tralisation is the same. Every radical in the series is chemicaly equiva-
lent to every other radical, and the replacement of the most complex by
the most simple is attended by no change in neutrality.

h). We perceive the utter worthlessness of unitary formulm as applied
to organic salts. The unitary or clump formula C'^H^*0* applied to a

compound of the vinyl series, signifies sixteen different salts, and '

every similar unitary formula signifies as many different salts as it con-%

tains atoms of carbon^ of wdiich fact, the unitary formula gives no inti-

mation.
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Products of the Metasiorphoses of Sugar.

From C-*HSC2
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c). We have a complete exposition of Berzelius's doctrine oi meta-

merism, a term bj which he indicated " the case in which the compound
atoms of two chemical compounds containing the same elementary
atoms, and for the most part in the same proportions, are nevertheless

made up of different proximate elements." We see in the present Table

5 complete metameric groups, and we perceive both the cause and the

extent of the metamerism, and can therefore complete other groups at

our pleasure.

d). The note of interrogation in Group 5 of the Table, shows the

position and composition of the radicals of the vinyl group which have

not yet been recognised. Of course, these radicals are unnamed, which

accounts for the blanks in the names of the salts of this group.
I proceed now to direct the reader's attention to the relations which

the organic radicals bear to one another. I have arranged in the Table

which commences at page 400 all the radicals that have been well dis-

criminated, and a few even of those which depend upon uncertain

evidence. They are grouped so as to show their mutual relationships,
to distinguish the members that are known, and mark the places of

those that certainly exist but have not yet been discovered. This

schedule shows to a chemist what a chart of the world shows to a navi-

gator. It is his pilot or guide.
At first sight, the number of these radicals appears to be considerable

;

but, after the separation of those that are unknown, and those that are

doubtful, we find the number of well-ascertained organic radicals not to

exceed the number of inorganic radicals particularised in the Table

printed at pages 126-128. So small a number of radicals seem to bear

no proportion to the infinite number of organic compounds which are

now known to exist, the details of which fill large systematic books

composed of many volumes. But it is to be remembered, that the

great mass of organic substances does not consist of free radicals, but

of combinations of those radicals with one another, with inorganic

radicals, and with oxygen. The workings of Nature in the organic
w^orld are, in this respect, perfectly analogous to her operations in the

mineral world. We everywhere around us see Compounds
—

living or

dead bodies—mineral, vegetable, animal—nearly all are compounds.
The radicals and elements are the invisible spirits w^hich work within

them, and which must be exorcised by art and skill to be rendered

visible. The magical power of the chemist is required to call them

from their vasty deeps ; and sometimes, when they are called, they do

not come.

The Pkinciple upon which the Compound Radicals are classified.

The radicals are arranged in groups according to the method of

grouping them which is most in use among organic chemists, that is to
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say, in agreement with the series of formulas commonly marked
nCH« + H', ?/CH« - W, nCR^ - B.% nCH« - H^ &c.

I wish it, however, to be understood, that these headings do not

represent my opinion of the constitution of the radicals that are placed
below them. If these formulae represent the result, they certainly do

not represent the order, of Nature's proceedings. If Nature has to

produce a hill, she certainly does not in the first instance produce a

mountain and then cut it down. The early crystallographers supposed
that if Nature wanted to produce an octahedron, she first produced
a cube, and then cut off all its corners till nothing remained of its

original faces but a mathematical point in the centre of each. In like

manner, these organic formulae appear to assume, that if Nature desires

to produce a radical, such as cumyl for example, she first combines

together loC and 20H into the compound C'"H^", and then takes away
H", and leaves the desired result C'"H". I renounce that method of

explanation, believing that Nature's process to be, in all cases, that of

adding atom to atom one by one till she reaches the desired point. She
never overworks herself, in order to be forced to undo what she has done

amiss.

Throughout the Table, proceeding from above downwards, every
radical exceeds the one above it by the addition of CH*, proving that the

same relation which holds true among the radicals of the vinyl series,

quoted in groups A and B, holds equally true in all the other series ;

the differences being confined to the constitution of the first radical, or

starting point of each group. This principle of a common difference

among a series of radicals is what Gerhardt calls Homology. Every
group in the Table is, in his terms, an Homologous seiies.

The radicals which are marked k in the Table are known to chemists,
if not in an isolated state, at least in some form of combination.

I have admitted into the Table the radicals of the so-called bibasic

and tribasic acids
; but, strictly speaking, these should be rejected from

the Table, because they are actually double and
trii)le radicals, and

appear again in their single forms in other groups of the Table. Read
the discussion of this topic in groups C. and D.

Most of the radicals in the Table have an uneven number of atoms
of hydrogen, and only those which have that composition seem to pos-
sess an atomic measure when they form part of gaseous salts. The salts

of vinyl CH*, of succinyl C^H^, of salicyl C'"!!*, when in the gaseous state

measure only as much as is due to the other radicals with which they
are in combination.—See page 138.

Chemical Equivalence of the Compound Radicals.—The compound
radicals quoted in the Table are the chemical equivalents of the ele-

mentary radicals contained in the Table inserted at page 126. What-
ever may be the complexity of the constitution of a compound radical—
whatever the number of its atoms of carbon and hydrogen, wl.cther it
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be C'H' or C^°H®^—it forms only one radical ; its chemical action is

tliat of one molecule, one atom, one equivalent. When it acts as an

acid radical, it replaces one volume of chlorine or combines with one

volume of hydrogen. When it is a basic radical, it combines with

one volume of chlorine, or replaces one volume of hydrogen. A com-

pound radical containing only carbon and hydrogen, and consisting of

nCK^ -f- H, or nCH* + CH, is in all respects the chemical equivalent
of one atom, or one volume, of any element, except oxygen.

Discrimination of Compound Radicals into Acid Radicals and Basic

Radicals.—Experience proves that compound radicals are, like ele-

mentary radicals, separable into the two orders of Acid radicals and

Basic radicals
;

that certain of them invariably act as substitutes for

basic metallic radicals, and certain others act just as invariably as sub-

stitutes for the metal loidal radicals of acids. In most cases, this dif-

ference is sharp and decisive, but in others, particularly when organic
radicals are compared with other organic radicals, it is sufficiently uncer-

tain to render it proper to lay do\\Ti some kind of rule according to

which the difference between basic radicals and acid radicals may be recog-
nized. I have proposed {Radical Theory in Chemistry^ P^g^ 73) to

settle this difficulty by making the following assumptions :
—

1 . That carbon acts as an acid radical
;

that hydrogen acts as a basic

radical; and that radicals containing the two elements act as acid or

basic, according as the carbon or the hydrogen exceeds a certain pro-

portion.
2. That the compound CH* is one in which the acid properties of the

carbon are neutralised by the basic properties of the hydrogen. This

compound is olefiant gas, called by Berzelius elayl, and by Gmelin vine,

a term which might with convenience be translated into Vinyl, which

term I propose to employ.

3 . Compound radicals that contain any proportion of hydrogen greater

than that of H* to C\ are basic. Those that contain any proportion
of hydrogen less than that of H* to C, are acid. Thus—

C30H61 = Myricyl . . A basic radical.

CH* = Vinyl . . . Neutral.

C^ff' = Melissyl . . An acid radical.

I speak only in a general sense, and do not mean to give to this observafcj

tion the character of a fixed and absolute law. But supposing the law

to be only approximately true, it may, notwithstanding its irregularities,

serve in organic chemistry the same purpose that Berzelius's electro-

chemical arrangement of the elements serves in inorganic chemistry,

namely, as a formal guide in the arrangement of basic and acid radicals.

Notwithstanding the irregularities that occur, it is evident that we may,
with propriety, decide between any two radicals, that the one which

contains the greater proportion of hydrogen is the more basic of the two.
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According to this rule, methyl is more basic than ethyl, ethyl than

propyl, propyl than amyl, and so on, through the whole range of the

hydrocarbons. There are exceptions to this rule, but perhaps not more

than occur in Berzelius's electro-chemical list of the elements. It is a

great point gained, if, setting oxygen aside, we can, from the mere

inspection of the formulae of the hydrocarbons, distinguish the basic

from the acid.

The present uncertain practice of chemists in their dealings with salt

radicals shows the necessity of adopting some decisive method of dis-

tinguishing the basic radicals from the acid. When Professor Williamson

discovered his compound ethers, he was unable to name them in accord-

ance with any commonly understood system ;
and consequently he gave

to each compound a series of synonymes. Thus the compound which

contained
prrg

O was called the three carbon ether^ the ethylate of methyle,

and the methylate of ethyle. Now upon the principle that we have just

laid down, methyl must, in all cases, be held to be basic against ethyl,

the relation of the hydrogen to the carbon being 3 to i against 2^ to i.

Hence, the difficulty of naming the compound is avoided, and our

memories are spared the infliction of useless synonymes.
It would be easy to refer to innumerable examples in the writings

of Gerhardt, which show the want of this principle of classification. He
finds, for example, a compound containing benzyl and acetyl, with three

atoms of oxygen = C^H'^ -f- C^H* -f- 0', and he calls it
" acetic benzoate

or benzoic acetate." Again, he finds a similar compound containing

acetyl and cumenyl = C^ff -\- C'"H'^ -f O^ and he is uncertain whether

to call it acetic cuminate or cuminic acetate. Such difficulties are imme-

diately resolved by the rule that has been proposed, according to which

acetyl is to be considered as decidedly basic towards both benzyl and

cumenyl.

Before I proceed to the Table of Radicals, I may with propriety give
some account of the agent which seems to be employed by Nature in

the constraction of the compound radicals, and which is also one of the

most frequent products resulting from their decomposition.

The Neutral Compound Organic Radical. Vinyl = CH*.

Synonymes.
—

Olefiant Gas. Heavy Carburetted Hydrogen Gas. Elayl.

Ethylene. Etherine. Vine.

Formula^ CH*
; Equivalent, 14 ; Specific gravity of gas, 1 4 ;

Atomic

measure when isolated, i volume
; Atomic measure when acting as a

radical in salts, o
; Condensing action on other radicals, o.

Properties.
—A gas. Colourless and transparent. Commonly pos-

sessing an unpleasant empyreumatic odour, due to impurities. Insoluble

2d
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in water. Unfit to support respiration or combustion. Burnt at a jet

in the air, it gives a brilliant white flame of great illuminating power.
Mixed with oxygen or air, and fired, it explodes with extreme violence.

It also explodes when mixed with chlorine and fired. The products of the

combination with oxygen are carbonic' acid and water, i volume of the

gas takes 3 volumes of oxygen gas to burn it, CH* -f O' = CO* + HHO,
the products of the combustion being 2 volumes of carbonic acid, and

2 volumes of steam. It follows, that i volume of this gas requires the

oxygen of 1 5 volumes of atmospheric air for its combustion, and leaves

in the atmosphere 2 volumes of carbonic acid gas, 12 volumes of nitro-

gen gas, and 2 volumes of vapour of water, in all 1 6 volumes of gases
unfit for respiration.

Preparation.
—This gas is prepared as follows:—Take one ounce

of strong alcohol and four ounces of concentrated sulphuric acid. Em-

ploy a gas bottle or retort of the capacity of at least ten ounces. Add
the acid to the alcohol, a little at a time, and shake the bottle after

each addition, to mix the liquids properly, and to prevent heating. The
mixture becomes brown, and, on being cautiously and very gradually

heated, disengages olefiant gas. This operation requires a good deal

of care, for, unless the heat be well regulated, the mixture is very apt
to boil over. If the heat is raised too rapidly, part of the alcohol is

driven off undecomposed. The gas comes off" when the liquor boils.

The brown liquor gradually becomes black and thick, from precipitated
charcoal. The operation must then be stopped. The gas is purified

by washing, first with water, and then with a weak solution of potash,
or by being passed through oil of vitriol. It can be collected over

water.

Theory :

H,C«H»0 = CW + CW + HHO.
Alcohol = Vinyl + Water.

The composition of alcohol is represented by the formula H,C*H*0,
which is equal to 2CH^ + HHO

; that is to say, i equivalent of alcohol

contains the elements of 2 equivalents of olefiant gas and i equivalent
of water. When this is boiled with concentrated sulphuric acid, the
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water is abstracted and the olefiant gas is set at liberty. In practice,

however, the decomposition is not effected so simply, but part of both

the reagents is decomposed, under production of sulphurous acid gas,
free charcoal, and ether.

Olefiant gas is an important ingredient of coal gas. It also some-

times occurs in the fire-damp of coal mines, and a large quantity of it is

produced when oily substances are exposed to a red heat in close ves-

sels. Thus it is that oil-gas is produced, the brilliant illuminating

power of which is owing to the large proportion of olefiant gas it

contains.

The subject of coal gas will be treated of in the section on Com-
bustion.

Experiments with Olefiant Gas.

I. This gas burns with great brilliancy when inflamed at the mouth
of a narrow tube, as may be observed in the combustion of

the coal gas and oil gas commonly used to illuminate shops,
those gases being mixtures of olefiant gas with some other

2. Collect the gas prepared from alcohol in a jar, such as

fig. 198, a. To the stopcock g of that jar adapt a brass jet
of the form figured in the margin. Transfer the jar to a deep

water-trough, such as a pail. Open the stopcock g, apply a

light to the jet, and gently press the jar down into the water.

The gas will burn with a brilliant white flame like a common
gas-light.

3.
If an inflamed taper is held to the mouth of a large jar, a,

fig. 374, filled with olefiant gas, the gas takes fire, and produces a large
and brilliant flame. To expel the gas from the jar, and make it all

bum at the mouth, water may be poured in

from another vessel, of equal capacity, h.

4. Collect the olefiant gas in a glass cylin-

der, open and gi'ound flat at both ends.

Close the upper end of it with a ground glass

plate smeared with tallow. Transfer the

cylinder to a deep-water bath. Take off" the

glass cover, immediately apply a light, and

press the cylinder down into the water. A
large and brilliant flame is thus produced.

5. Mix I volume of olefiant gas with 3 vo-

lumes of oxygen gas, put the mixture in a

bottle, wrap the bottle in a thick cloth, and

apply a light to the mouth ; upon which the
^ ^^'

mixture will explode. CH* + O^ = HHO -f CO*. As this explosion
is extremely violent, only small quantities of the mixed gases should be

2d2
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fired at once. The mouth of the bottle must be turned away from you.
See page 205.

6. The same mixture may be exploded by the electric spark. See

pages 206 and 215. But it is difficult to perform the experiment in a

glass eudiometer, without breaking it.

7. The mixture may be blown into soap-bubbles in an iron mortar,
as described at page 205. These bubbles produce a very loud explo-
sion when fired.

8. These experiments may be made with a mixture of i measure of

olefiant gas and 15 measures of air, or of i measure of com-
(i\\ mon coal gas with 8 or 10 measures of atmospheric air.

9. Burn a little of the gas in a plain jar, and pour lime-

water into the jar ; carbonate of lime will be formed. The
carbonic acid produced by the combustion of this gas may
also be collected in the manner described at page 346.

10. When I volume of olefiant gas is mixed with 2 volumes

of chlorine gas, and immediately inflamed, the olefiant gas
is decomposed, hydrochloric acid is formed, and charcoal is

deposited in powder (soot).

^^^-
CH^-f-CP = 2HCI + C.

Invert a tall and wide cylinder, filled with water, over the water-trough.
Fill one-third of it with olefiant gas, and the residue of it with chlorine

gas. Cover the mouth of the jar, which should be

ground, with a greased glass plate, and invert the jar
several times to mix the gases. This experiment must
be made at night, because the mixture is liable to explode
in sunshine. Set the jar on its foot, remove the glass

cover, and apply a light ;
the gas will burn with a red

flame, which proceeds slowly downwards, and deposits a

thick coat of carbon upon the glass.
1 1 . Prepare a similar mixture of chlorine gas and

olefiant gas in the same glass cylinder. Bend a stout

copper wire at a right angle, so that one branch of it shall

be able to dip half way into the cylinder. Cover the

376.
lower end of this wire very loosely with a leaf of Dutch

gold. Remove the cover from the cylinder, and dip the

leaf gold into the mixed gases. Spontaneous inflammation occurs, with

a beautiful appearance, and the charcoal is deposited over the whole

vessel.

12. As combustible gases burn in an atmosphere of oxygen gas, so,

in like manner, will oxygen gas, or atmospheric air, burn in an at-

mosphere of combustible gas. Take the cylinder and jet described in

experiment 2, fill the cylinder with common air, press it down in water,

and open the jet. Bring over the jet a small bottle of olefiant gas.
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Just when the mouth of the bottle is in contact with the jet, apply a

light. Immediately depress the bottle so as to bring the jet into the

middle of the bottle. Blow out the flame at the mouth of the bottle.

The atmospheric air will continue to burn at the jet amid the atmosphere
of olefiant gas, or, in other words, the olefiant gas will burn where air

comes into contact with it.

13. In the same manner may a jet of chlorine gas be made to burn

in an atmosphere of olefiant gas, or coal gas. A dull yellow flame is

produced, which soon becomes invisible, in consequence of the dense

mass of charcoal deposited upon the jar.

Salts of Vinyl.—The Glycol Theory.

Familiarity breeds contempt. As it is in common life, so it is in

science. Chemists are so familiar with the radical vinyl, that they treat

it with indifference. Without colour, when it is present they do not

see it. Without odour and without taste, it never bites them, and they
neither feel it nor fear it. If they ^e forced to give some account of

the compounds in which vinyl occurs, they still resolve to ignore it, and
that they may be able to do so with some appearance of propriety, they
double its formula, give the doubled formula a new name, sometimes

ethylene, sometimes glycol, and proceed as if vinyl was not in existence—as if it did not give conclusions far more rational and formulae infinitely

more simple than those which are adopted as explanations of the reaction

of ethylene or of glycol. The practice, so common among organic

chemists, of needlessly doubling the formulae of compounds, and working
out results with complicated masses of figures, to the neglect of obvi-

ously simple formulae, is much to be deplored. I have investigated the

Glycol Theory in my treatise on the Radical Theory, and I shall confine

myself here to the quotation of the formulae and names of a few of the

compounds of vinyl.
In all cases the common names which I have quoted intimate twice

as many atoms of every element as appear in the following formulae.

If these compounds are considered as compounds of vinyl, that duplica-
tion is in every instance improper.

The name which immediately follows th^formula is the systematic name

prescribed hy the Radical Themij.

A). When the salts contain no oxygen, chemists are accustomed to

call them salts of ethylene.
1 . CH*,CI. Yinyla chlora. Chloride of ethylene. Hydrochloric ether

of glycol. The atomic measure of this salt in the state of gas is

one volume, because the vinyl, having an even number of atoms
of hydrogen, loses its measure in salts.

2. CH*,I. Vinyla ioda. Biniodide of ethylene.

3. CH*,Br. Vinyla broma. Dibromide of ethylene. The atomic

measure of the gas is one volume.
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4. CH*,S. Vinyla sulpha. Sulphide of ethylene.

5. GH^,S + HS. Vinyla sulpha cum hydra sulpha. Sulphohydrate
of ethylene. The atom of H is replaceable, so that it can pro-
duce metallic salts.

6. CH*,CyS^ Vinyla cyana sulphene. The sulphocyanide of

ethylene.

B). But when oxygen comes into action with the same radical, then

the radical suddenly becomes entitled to the name of glycol.

7. H,CH20. Hydra vinylate. Glycol.
8. CH^CH*0. Vinyla vinylate. Oxide of ethylene. Ether of glycol.

9. C^H^CffO. Ethyla vinylate. Diethylglycol. Diethyline of

glycol.

10. Cff,CH*0. Methv la vinylate. Dimethy line of glycol.
11. C^H^CH*0 + CmCffO. Ethyla vinylate cum methyla vinylate.

A compound of Nos. 9 and 10.

1 2. Cff,C^H^O^ Vinyla acetylete. Diacetate of glycol. The follow-

ing is the usual formula by which Wurtz shows this salt to be

a Diacetate :—C^H^
]

C*H^O« l0\
C^ffO*

J

13. CH«,C«H«0« + H,CH^O. Vinyla acetylete cum hydra vinylate.

Monacetate of glycol. This is evidently a double salt, contain-

ing No. 7 in combination with No. 12.

14. H,CH«0 -f- CH^C1. Hydra vinylate cum vinyla chlora. Chlorhy-
drine of glycol. A compound of Nos. i and 7.

15. CH^C^H^0* + CH^C1. Vinyla acetylete cum vinyla chlora^
Chloracetine of glycol. A compound of No. 12 with No.

ij|
This compound forms a gas, the atomic weight of which ia

122*5, ^^^ ^^^ specific gravity 6i'2 5 ; so that its atomic measur^
is two volumes. That is the measure of the acetyl and the

chlorine, the two atoms of vinyl and the oxygen measuring

nothing.
1 5. Cff,C^H^O« + CH^I. Vinyla acetylete cum vinyla ioda. lod-

acetine of glycol. A compound of No. i2 with No. 2.

17. CH^C*H^O^ + CH^CI. Vinyla butyrylete cum vinyla chlora.

Chlorbutyrine of glycol.
18. CH^C^ffO* + CH^C^H^O^ Vinyla acetylete cum vinyla butyry-

lete. Butyroacetate of glycol. Evidently a double salt, com-

posed of acetate and butyrate of vinyl.

19. CH^,C^H^O^ Vinyla benzylete. Benzoate of glycol. More cor-

rectly, benaoate of vinyl.

20. CH^C7ffO^ + Cff,Cl. Vinyla benzylete cum vinyla chlora.

Chlorobenzoate of glycol. A compound of No. 19 with

No. I.
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The constitution of these salts is so evident, so simple, and so much
in accordance with the general laws of chemical combination, that no

necessity exists for, and no advantage results from, any other mode of

interpretation than that which represents them to be salts of vinyl.

The doubling of the formula of vinyl, the assumption that the doubled

formula represents here ethylene, and there glycol, according as oxygen
is absent or present, the elevation of glycol so made to the rank of

a hiatomic alcohol, and the homage paid to it as the first of a series

of important and previously unheard-of organic compounds, afford alto-

gether a strange example of the whimsicalities which excite tlie credulity
of chemists, and lead them into perplexities.

I add a short notice of the chloride of vinyl. The other salts of this

series will be found described in the recent chemical journals.

Chloride of Vinyl, Dutch Liquid. Oil of Ohfiant Gas. Chloride of

Ethylene. Hydrochloric Ether of Glycol.

Formula, CH®,C1; Equivalent, 49-5 ; Specific Gravity of Gas, 49*5 ;

Atomic Measure, 1 volume. Systematic name, Vinyla Chlora.

Suspend a glass bottle, filled with olefiant gas, by means of the ring
of a retort stand, so that its mouth shall be under the water contained

in a basin, without resting on the basin. Place

below the mouth of the bottle a flat porcelain cap-
sule. Bring into the mouth of the bottle the end of

the bent gas- delivering tube of a bottle in which

chlorine gas is being prepared. Chlorine gas
comes thus into contact with olefiant gas and mois-

ture, and gradually combines with the olefiant gas,

producing an ethereal or oily liquid, having the

composition CH^ -f CI. The gas gradually disap-

pears, the water rises in the bottle, the oil floats at

first on the surface of the water, but having a sp. gr.
of I "22, it soon sinks down into the capsule placed
to receive it. At 152° F. this oil forms a gas
whose specific gravity is 49* 5,

so that it has an atomic

measure of one volume, which is that of its chlorine, the vinyl, having
an even number of atoms of hydrogen, loses its atomic measure when
it is a constituent of gaseous salts. See page 138.
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Preliminary Note respecting the Vinyl Series of Radicals.

Group A. Basic Radicals of the Vinyl series.

Group B. Acid Radicals of the Vinyl series.

Nos. I to 60 in the following Table.

Any given quantity of atoms of grape sugar (vinylate)
= nCH*0,

can, while in the living plant, give oft' all its oxygen except two atoms,
and be simultaneously converted into a salt containing two radicals, one

basic and one acid. T have, in Group 5, page 389, traced this reaction

as far as 30 times CH*0. I might have gone a step further, since we
know in myricyl, No. 30 in the following list, a radical, the composition
of which goes beyond any of those named in page 138. This radical,

myricyl = C^H^', is the most complex that has been hitherto dis-

criminated.

On examining the radicals of Group A, it will be seen that they are

all multiples of CE} plus a single atom of H. In like manner the radi-

cals of Group B are all multiples of CYL^ plus a single atom of CH. It

would seem as if, when any quantity of CH* was to be converted into

two radicals, one atom of CH* was split into the two characterising
radicals H and CH, and that the multiple of CH*, with which H com-

bined, became a basic radical, while that multiple of CH* with which

CH combined became an acid radical, and this without reference to the

absolute quantity of CH* which, in any case, entered into combination

with either C or CH.
It follows from this uniformity of constitution, and of the properties

which depend upon constitution, that the basic radicals of Group A are

related one by one to corresponding acid radicals in Group B, and that

theoretically^ whatever may be the case practically^ the two classes of

radicals are convertible the one into the other on the following

grounds.
1 . If you take from a radical of Group A two atoms of hydrogen, it

is converted into a radical of Group B. Thus :
—

Methyl C H^ - H* = C H
, Formyl.

^

Ethyl C'W - H* = C*ff, Acetyl.

Amyl C^H" - H* = C^H^ Valeryl.

2. If you take from a radical of Group B a single atom of carbon,

you convert it into a radical of Group A. Thus :
—

Acetyl C*H^ - C = C H% Methyl.

Propionyl C^W - C = C*H' , Ethvl.

Valeryl C*H« - C = C^H' , Butyl.

Oenanthyl C^H'^ - C = (yW\ Hexyl.

I-
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These metamorphoses, which are theoretically possible, are, to a

considerable extent, also practically possible. See Radical Theory of

C]t£mist)y, page 76. I cannot go into details here. Suffice it to say,

that enough of these changes have been effected to prove that all the

radicals of this series may be safely considered to consist of multiples of

CH*, characterised in the case of the basic radicals by the addition of

H, and in that of the acid radicals by the addition of CH, and that these

radicals are capable of reduction from the acid state to the basic state,

and vice versa, by the employment of suitable chemical agencies. Of
these transmutations many examples will be cited in the following pages.

2^

?:

6\

8\

9-

10.

12.

H-

18.

19-
20.

21.

2t,

c w.

C*H\

c^H^
c^H^

C^ H'\

c« H'^

aw.
C« H'7.

C'>H^.

C'*H".

C.7JJ35

C'«H'7

(^21JJ43

Group A. Basic Radicals of the Vinyl series.

nCH« 4- HS or nCH* - CH.

Methyl. The basic radical of wood spirit.

Wood spirit
= H,CH^O. Marsh gas

= H,CH^
Ethyl. The radical of ether and alcohol.

Alcohol = H,C^H^O. Ether = C^H^C^ffO.

Propyl. Propylic alcohol = H,0'H^O.

Butyl (tetryl, or valyl). Butyiic alcohol = H,C^H^O.
Produced by the electrolysis of valerianate of potash.

Amyl. The radical of fusel oil, potato spirit, or amylic

alcohol, the formula of which is = H,C'H"0.

Hexyl (Caproyl). Caproic alcohol = H,C«H'=^0.

Procured by decomposing oenanthylic acid (No. 37).

Heptyl. Castor-oil alcohol = H,C7H"0.

Octyl. Caprylic alcohol = H.C^H'^O.
Unknown.
Unknown.
Un-named. Present in Laurone = C*'H2^C'^H^'0^
The acid radical C'^H^^ is Lauryl, No. 42.
Unknown.
Un-named. In Myristone = C'^H^,C'^H*^0^
The acid radical C'-^H«7 is Myristyl, No. 44.
Unknown.
Un-named. In Palmitone = C'^H^SC'^H^'Ol
The acid radical C'H^' is Palmityl, No. 46.

Cetyl. In ethal = H,C'^H^O.

Bisulphate of Cetyl
= H,C'^ff^; 2S0^

22. C^^H"

23. am*'

24. C*^H^' , Unknown.

25. a'w
26. a'w^

Ceryl. Hvdrate of Cervl = H,C^^H"0.
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28. C^ff7
> Unknown.

29. C«^ff^

3o\ C^ff'. Mvricyl. Hydrate of Myricyl = H,C«'H"0.
Palmitate of Myricyl = C«"H«',C^«H^'0^

Group B. Acid Radicals of the Vinyl series.

nCW - H\ or nCW + CH.

3l\ C H . Formyl. The acid radical of the Formiates.

Formic acid = H,CHO^ Pyrogallic acid = CH,CHO.

32". C^W . Acetyl. The radical of the Acetates.

Acetic acid = H,G*ffO*.
C* H^ . The radical of Glycollie acid = H,C^H^».

The amidogen salt of this acid = NH^C'H^O' is called

Glycol!. Perhaps the radical C^ff is the same both

in acetic acid and glycollic acid, and the difference

between the two acids is only that of the degree of

oxidation. However, the constitution of glycollic acid

is not yet thoroughly established.

Myl. See Citric acid, Group D.

Propionyl. The radical of the Propionates.

Propionic acid = H,C^H*0«.

Glycyl. In terbasic Glycerine
= H^(7H*0".

Allyl. In allylic acid = H,C^ffO«.

Lactyl. In lactic acid = H,C'H^Ol

Butyryl. The radical of the Butyrates. :
Butyric acid = H,C*H^O^ f
Valeryl. The radical of the Valerianates.

Valerianic acid = H,C*H«0^

36\ C'H^^ Caproyl. The radical of the Caproates. S-i

Caproicacid = H,C«H"0*. *'

C« H". Leucyl. The radical of leucic acid = H,C«H"0^
Leucine is the amidogen salt of this acid NH*,C^H"0*.

37\ (7H'^ Oenanthyl. The radical of the Oenanthylates.

Oenanthylicacid
= H,C7H'^0«. Oenanthol = H,C^H'^0.

Derived from the destructive distillation of castor oil.

38^ C^H•^ Capryl. The radical of the Caprylates.

Caprylic acid = H,C«H'*0«.

39^.
C^ H^^ Pelargyl. The radical of the Pelargonates.

Pelargonic acid = H,C^H'^Ol

40^. C'"H'^ Rutyl. The radical of the Rutates.

Rutic (or Capric) acid = H,C'«H'^0^

41^ C^'H". Margarityl. The radical of the Margaritates.

Margaritic acid = H,C"H«^0«.
C"H*'. Enodyl. Enodic aldehyd = H,C"H*'0, from oil of rue.
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42". C'«H^.

44\ C'^H^.

45\ C'^H*^

46\ 0'H\

47\ C^^H^.

48''.
C»«ff^

49^ C^^H^^

52. e^H^

53. C^^H*^

54. (^H*7

58. C*«H"

59. C^^ff^

6o\ C^«H»^

Lauryl. The radical of the Laurates.

Laurie acid = H,C'^H^Ol

Cocinyl. The radical of the Cocinates.

Cocinic acid = H,C'^H^O^

Myristyl. The radical of the Myristates*

Myristic acid = H,C'*ff7o^

Benyl. The radical of the Benates.

Benic acid = H,C'^H^O^

Palmityl. The radical of the Palmitates.

Palmitic acid = H,C'^ff'0^

Margaryl. The radical of the Margarates.

Margaric acid = H,C'7ff«0^

Stearyl. The radical of the Stearates.

Stearic acid = H,C''H^^O^

Balenyl. The radical of the Balenates.

Balenic acid = H,C"'ff^O^

Butynyl. The radical of the Butynates.

Butynic acid = H,C*"H^^Ol

Behenyl. The radical of the Behenates.

Behenic acid = H,C^^H"0^

55. C"H^^

56. C^'W V Unknown.

Cerotvl. The radical of the Cerotates.

Cerotic acid = H,C^ff^O^

> Unknown.

Melissyl. The radical of the Melissates.

Melissic acid = H,C^ff^0^

Group C. Acid Radicals of the Succinic series.

nCW - H^ or nCW + C\

This is a regular though short series of acid radicals, which we may-
conceive to be formed by commencing with a single atom of carbon

= C\ and adding to it, one by one, a succession of atoms of vinyl,

each = C'H*. We thus produce a series of acid radicals, which are all

distinguished from those of the vinyl series by having an even,number
of atoms of hydrogen. The primary radical C, and its first compound
C*H*, have both the peculiarity of losing their atomic measure when

they form gaseous salts. The other members of the series do not pro-
duce gases. All the salts of this series take two atoms of oxygen,

except the tartrates.

61''. C\ Carbon. The acid radicals of the Oxalates and Car-

bonates.

Oxalic acid = H,CO^ Carbonate of potash = KK,CO^
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62^. C^ H^ . Succinyl. The radical of the Succinates.

Succinic acid = H,C^H*0«.
C* H^ . Tartryl. The radical of the Tartrates.

Tartaric acid = H,C-^H«0^

63". C^H*. Adipyl. The radical of the Adipates.

Adipic acid = H,C^H*0^

64^ C*W. Suberyl. The radical of the Suberates.

Suberic acid = H,e'H«Ol
65\ C^ H« . Sebamvl. The radical of the Sebates.

Sebacic acid = H,C^ffO^

The salts of this series combine with one another, and produce double

salts, which have hitherto been considered as bibasic salts with single
acid radicals. Thus :

—
Pyrotartaric acid 1

f
•

I Succinic acid = H,C*H'0*
HH,C*H«0^ f

contains
| ^^.^.^ ^^.^ ^ H,C^H*0«

Pimelic acid \ ,
.

J Adipic acid = H,C^H*0*

Anchoic acid
\ ,

.
f Suberic acid = H,CH^O'''^ contains -^ '

HH,C«H^*0* [

--"^"'"^
I Sebacic acid = H,C^H«0«

According to the radical theory, the assumed bibasic radicals (7H®,

C'H'**, and C^H^* do not exist ; but the salts called pyrotartrates, pime-
lates, and anchoates are all double salts, each containing two acid radicals

of the succinic series. The evidence in support of this view is given at

Ipngth in my treatise on the Radical Theory.

Group D. nCW - HI

The radicals of this series appear to be nearly all produced or sepa
rated by the application of heat to substances that belong to the viny
series (Groups A and B), and their relation to the radicals of tliat serial

is easily perceived. Thus :
—

Glycyl (Allyl)
= C'W - H« = C^W Acryl.

Stearyl

'

= Cm^ -W = C»«H^ Oleyl.

Oleyl = C^«H^ - C^ = C'^H^ Margaryl.

Acetyl = C* H^ - H* = C^ H* Fumaryl.

In short, all the radicals of this group may be considered to be con-

vertible into acid radicals of the vinyl series, Group B, by the addition

of H*, or the subtraction of C. Probably they all exist in the living-

plant or animal as members of the vinyl series, and owe the forms in

which they are shown in the following list to the metamorphoses effected

by the chemical reactions that are employed to separate them from other

substances. They are all monobasic, and must, therefore, be considered

as single radicals.
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66^ C^ H . Maleyl. In Maleic acid = H,C*HO*.

Fumaryl. In Fumaric acid = H,C*HO'.

Aconyl. In Aconitic acid = H,C^HO*.

Dyl. See Citric acid (below),

ef. CW . Acryl. In Acrylic acid = H,C^H^O^
Present in Acrolein = H,C^H^O. Produced by the dis-

tillation of Glycerine.

Pyruvyl. In Pyruvic acid = H,C^H^O^

Tryl. See Citraconic acid (below).
The radical of Isotartaric acid = H,C^H^O'?
The radical of Camphoric acid = HjC^H^'O^
The radical of Angelic acid = H,C*H^O*, obtained from

angelica root.

The essence of Camomile is its aldehyd = H,C^H^O.^

!" Unknown.

Conyl. Conia or Conine = NH,C«H^^; H.
Unknown.

Camphvl. In Campholic acid = H,C^»H^^O* .

77. 'C^^H*^ I TT 1

78 C"H^^ I

Unknown.

The radical of Moringic acid = H,C'^H^O*, derived from
oil of ben (the basis of Macassar oil).

The radical of Hypogeic acid = H,C^«H^O«, derived

from sperai oil.

Unknown.

Oleyl. The radical of Oleic acid = H,C^«H^O«, derived

from the non-drying oils.

The radical of Doeglinic acid = H,C'^ff^0^
From the oil of the^ Balaena rostrata, a sperm whale,

which oil contains no glycerine.

> Unknown.

The radical of Erucic acid =
H,C2^H^^0«, derived from

the oil of mustard or rape (colza oil).

Compound Acids derivedfrom this series.

Citric Acid = H^C'H'0^ a tribasic acid, in which H^ are replaceable

by other basic radicals, such as M'^, or M^R\ or M^H*. I consider this

acid to be a triple salt, composed as follows :
—

HC«Ho4 =^'^'^'^' +2(H,C«H0«).

h'cH 0* I
^y^ic acid bis Dylic acid.

The radical C*H' may be acetyl or some other having the same com

68".

69^

70.

75-

79'-

8o\

84.

85.
86^

C^H^

c«H^
C^H".

C^'ff^

C'^H^^

C^^H^.

Q20JJ3r^

C*^H^^



406 COMPOUND RADICALS. GROUP D.

position. I call it provisionally Myl. The formula which I have

given to mylic acid agrees with that of glycollie acid. See No. 33.
The radical C^H is equal in composition to aconyl, fumaryl, and

maleyl (see No. 6S\ and it may be one of these, but not to prejudge
the question I call it Dyl. The evidence upon which this view of the

triplicate nature of citric acid is founded is given in my work on the

Eadical Theory, page 424.
Malic Acid = H^C^H'^O^ a bibasic acid in which H^ are replaceable

by other basic radicals, such as M* and M'H'. I consider malic acid to

be a double acid, composed as follows :
—

Mylic acid cum Dyhc acid.

The radicals Myl = C^H^, and Dyl = (7H, are probably the same as

the corresponding radicals ascribed to the citrates.

CiTRACONic Acid = H^C*H'0*. A bibasic acid in which H* are

replaceable by other basic radicals. This acid appears to me to be a

double acid composed as follows :
—

Trylic acid cum Dylic acid.

The radical C^H^ may possibly be acryl or pyruvyl
—see No. 67

—but I

cannot determine the point, and in the meantime I call it Tryl.
Gallic Acid = IP,C^H*0^ Usually assumed to be a tribasic acid, in

which W is replaceable by other basic radicals. This may possibly be

a triple salt, constituted thus :
—

Hc'ho'I = JH,C^H«0« + 2(H,C^H0*). f^
TT-'fisTT Q2I (Trylic acid bis Dylic acid. ^ '

According to this view of the constitution of the vegetable acids,

none of them are bibasic, or tribasic, or polybasic in any sense ; but all

of them are double or triple compounds of monobasic acids, containing

radicals of very simple constitution, such as C^H, CH*, and C^H^ The

acids formed by these radicals, combine with each other into pairs, 01

triads, but lose none of their chemical power, and while in a norma

state lose none of their oxygen. Each retains its full power of satura

tion, and, though held in combination, acts as if it were isolated
;

th*

reason being, that for every atom of replaceable hydrogen, that is t

say, for every basic radical that is present in a compound acid there

also present an acid radical to neutralise it. The evidence in supper
of this view of the constitution of polybasic acids is given in detail i

my work on the Radical Theory. It is too copious to be introducec

here. But in the subsequent special description of the acids I shal

show that this general view of their constitution is perfectly consisten

with their properties and reactions.



88.
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I02^ (7 IT. Toluenyl. In balsam of tolu.

103*". C^ H' . Xylenyl. In the oils from wood spirit.

104^ C^H". Cumenvl. In cumole = H,C^H".

I05^ Om'\ Thymyl. From oil of thyme.

These five radicals are all of the basic order, and act in salts the part
of basic radicals without requiring any oxygen beyond that which is

proper to the normal salts of the acid radicals with which they combine.

In tracing the homology of this group of radicals, from the most

complex to the most simple in the series, throwing out CH* at each

step, we come at last to the radical C*H', which does not belong to the

vinyl series. I have endeavoured to account for the origin of this

radical in Group P, where I suppose that a series of radicals are pro-
duced by the successive combination of atoms of C with one atom of H,

acting as the primary nucleus. The radicals of Group H belong to

the series of Essential Oils, which are produced by Nature in fruits,

seeds, &c., under circumstances w^here not only oxygen but water itself

could be given off during the conversion of sugar into the oils demanded

by the wants of the living plant. In that way atoms of carbon could

be added to salts of the vinyl series till the composition demanded by
the plant was completed, though it is impossible to form a clear idea of

the manner in w^hich this operation takes place.
The artificial formation of some of these radicals takes place in accord-

ance \vith facts which it is easy to recognize. Thus, Phenyl = C^H*,
is derived from Indyl = C^ff (No. 126, Group O) by chemical means

which remove C^ and add H*. This double action renders the process

complex, but the metamorphoses of radicals by the removal or the

addition of atoms of C or of H, is very common.

Group I. nCB.^ - H«.

106. C*H»; C'H';C'H\ No radicals of this series and no salts <

such radicals are known. In fact, if found, the

would be double salts of former groups.

Group K. nCH* - H^

Unknown.107. C'

108. C W f

I09^ C H* . Benzyl. The radical of the Benzoates.

Benzoic acid = H,C^ff0«.
C H^ . Spirj^l. The radical of the Salicylites. Salicylous acid

the essential oil of the flow^ers of the meadow swee

{Spircea ulmaria)
= H,C^H*0*. This radical mus

not be confounded with that of the Salicylates. Se

No. 116, Group L.

1 10^. C« H" . Toluyl. The radical of the Toluates. | ,

Toluic acid = H,C«H^O^
'
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C^ H^ . Anisyl. The radical of the Anisates.

Anisic acid = H,C^H^O^
1 1 1^ C H^ . Styryl. The radical of Styrone

= H,C^H^O.
Derived from the gum resin called Storax.

112^ C'"H". Cumyl. The radical of the Cuminates.

Cuminic acid = H,C^''H"0^

113. C''W\ Unknown.
The radicals of Group K belong to the resinous or aromatic series,

and are nearly related to those of Group H, both in properties and in

composition, and their origin is probably liable to a similar explanation.

On bringing into comparison those radicals of the two groups which

have the same quantity of carbon, we perceive that owing to the differ-

ence in their hydrogen, they bear to one another, in pairs, the relations

of basic radicals to acid radicals, the common difference, like that

between the two orders of vinvl radicals, being H^. Thus,

Phenyl C^ H'^ - H* = C H^
,
Unknown

Toluenyl OW - H^ = C" H^
, T^enzvl

Xvlenyl C« H' - H* = C^ H^
, Toluyl (and Anisyl)

CLimenyl C^ H" - H^ = C" H'
, Styrvl

Thyrayl C'H'^ ~ H« = C'«H", CumVl ;

or, changing the expression of the relation in terms, though not in essence^

we have

Phenyl C« H' + C' = C- H^
, Benzyl

Toluenyl C^ H^ + C = C« H'
, Toluyl

Xylenyl C« H' + C = C» ff
,
Stvrvl

Cumenyl C^ H" -f C = C''W\ Cum"yl

Thymyl C'»H'^ + C' = C"H^^ Unknown.
And in effect these figures accurately express the corresponding chemical

powers of the respective radicals ;
for those of Group H are basic while

those of Group K are acid. Those of Group H go into salts as basic

radicals without carrying additional oxygen with them
; but those of

Group K, when they act as basic radicals, demand an additional supply
of oxygen, and that quantity differing according to the acid properties of

each special radical : Thus, toluyl, which forms toluates with O^ takes

with it O' extra when it acts as a basic radical ; while anisyl, which
forms anisates with O^, takes with it O* extra when it acts the part of a

basic radical. . These details afford interesting illustrations of the tnith

of the general principle which I have advanced, namely, that the

difference which exists between organic basic and acid radicals is

expressed either by C^ or H*, since these proportions of carbon or of

hydrogen are sufficient to change the class of any radical, whatever may
be its ultimate composition. The question of basicity or acidity never

depends upon the absolute quantity of carbon or hydrogen that happens
to be present in any radical, but entirely upon the relative proportions of

those elements.

2e
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Group L. nCR^ - H'".

114. C'W. Unknown.
1 1

5''.
C^H*. The radical of the Comenates. See note to Group 0.

1 16\ aB.\ Salicjl. The radical of the Salicylates.

Salicylic acid = H,H ; C7H^0^

The Salicylates appear to me to be formed on the model of the

Carbonates, and they are consequently Bibasic in the same sense that

the carbonates are bibasic. Thus :

MO + MO + C O = M,M ;
C O' = Carbonate.

• MO 4- MO + C^H^O = M,M ; C^H^O^ =
Salicylate.

There is no known salt which bears to the salicylates the relation that

the oxalates bear to the carbonates, namely, a salt of the formula

MO 4- CH'O = M,Cm*0\ The salts that are now called salicylites

have the formula M,C^H*0^ which resembles that of the benzoates.

They are monobasic, and the radical C^H^ does not belong to the sali-

cylic group. I propose to call that radical spiryl. Then, salicylous

acid, or the hydride of salicyl, the essential oil prepared from the flowers

of the meadow-sweet (Spiroea ulmaria), will be HjCH^O* = Hydra

spirylete. See No. 1 09, Group K.

It is possible that salicyl
= C^H*, may be hereafter discovered to be

a double radical ;
but I have at present no evidence of such a discovery,

and therefore I admit it to be a single radical, having the power to pro-
duce salts with two basic radicals, in the manner of the carbonates.

For a detailed account of the salicylates, see " The Radical Theory in

Chemistry," page 455.

Group M. nCW - H".

117. C«H\1

118. C^H^:l Unknown.

119. cm\\
1 2o\ C^H^. Cinnamyl. The radical of the Cinnamates.

Cinnamic acid = H,C®H^O*. When cinnamyl acts as a

basic radical, it takes 0' extra.

Group N. nCB.^ - H'^

Unknown.
The radical of Insolinic acid.

Unknown.
The radical of Sinapic acid.

The formula CH^ represents the radical of Hoffmann's recently dis-

covered bibasic insolinic acid = HH,C^H'^0\ When this acid is

distilled, it yields benzoic acid. This reaction, with the composition
of the formula, its bibasic nature, its double quantity of oxygen, and

121.
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the even number of its atoms of hydrogen, all concur to induce me to

consider the insolinic acid to be a double acid, probably composed of

H,C7ffO* = benzoic acid.

H,C^H'0' =
dylic acid? See page 406.

The other formula of this group C"H'" represents the radical of sinapic

acid, H^jCH^^O*, a bibasic acid, the existence of which is rather suppo-
sitional than proved. It is probably a double salt.

A comparison of the radicals of groups C, E, I, and N, shows it to

be extremely probable, that none but monobasic acids belong to any of

them, and that the apparently bibasic salts are in all cases double salts,

whose acid radicals require discrimination.

Group 0. nCH^ - H'^

125''. CH^ The radical of the Meconic acid.

126''. C^H^ Indyl. The radical of Indigo. Constitution of indigo
white = NH^C«H^O + NH-^C-^H^O. Constitution of

indigo blue = NH^
;
C^H^O. A complete investigation

of the compounds of indigo will be found at page 257
in the " Radical Theory in Chemistry."

127. C^H^ Unknown.
I2 8\ C^"H^ Naphtyl. The radical of Naphthaline = H,C^°H''.

The known radicals of Group are as follow :
—

C^H' is the radical of the meconic acid, which is assumed to be tribasic,

but I cannot say that this tribasic character rests upon satisfactory

grounds. The meconates are IIHH,C^H'0^. When heated, they give
oflf CO' and becomes comenates = HH,C'H^O\ See No. 11 5,

Group L. When the comenates are heated, they give off CO*, and
becomes pyromeconates = H,C^H^O^. See No. lOO, Group H. Thus,

throughout the series, the acid radical contains in all 8 atoms. When
C goes off, H^ comes to replace it. This proceeding is repeated. The
H^ which thus replaces the disengaged C is a basic radical

;
and as the

change proceeds in the acid radical, the acid radical of the salt, which
first is tribasic, changes to bibasic, and then to monobasic. 1 expect
that we shall by-and-by have a very different account of these meta-

morphoses.
C^IP is the formula of indyl, which radical is, like meconyl, liable to

undergo two remarkable changes, without diminution of the collective

number of its ultimate atoms. Thus :
—

Indyl, C'W _ C^ + H^ = C^H*, Salicyl.

Indyl, C«H3 - C^ -f H* = C'W, Phenyl.

I wish I could understand or explain the nature of these changes.
The last formula of this group is C^^H'' = naphtyl, a radical which,

like phenyl, is singularly addicted to form part of amidogens and
2e2
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ammoninras, and thus give origin to numerous complicated multiple
salts.

Group P. nC + H, or nC + CH.

129. C^H^

130. C^H^
132. C*H^

I 134. C«H»

133. c*H^ 135. cm\
131. C=*H^

This group, purely hypothetical, is inserted to account for the starting
radicals in the groups D, F, H, K, M, O. I suppose that originally
C combines with H^ or with C'H\ and that C^ is then assumed atom

after atom, till the several products which are exhibited in this column

are produced ;
after which these radicals, acting as units, combine with

successive atoms of CH* to produce the radicals which form the groups

given in the different columns of the Table.

It is, however, just as easy to imagine that the radicals are first

formed in accordance with the methods of production explained in

reference to the vinyl radicals, and that these radicals then become

subject to the successive additions of atoms of C\ Or, on the other

hand, some of them may be explained as being derived from radicals

actuallv belonging to the vinyl series, by the artificial expulsion of a

limited quantitv of hydrogen. Thus terbasic glycerine
= H,H, H,C^H^O^

when deprived of HHO produces monobasic allylic acid = H,C^X^O*,
and when deprived of a second atom of HHO, it produces acrolein =

H,C^H^O, in which we have an acid radical belonging to Group D.

This last reaction differs in no respect or degree, as respects the change
in the radicals, from that which converts alcohol into aldehyd :

—
Alcohol, H,C«H^O - H« = H,C''H^O, Aldehyd.

It is unquestionably a fact that the basic radicals are reducible to acid

radicals by the abstraction of H*, and it does not seem unreasonable to

assume that the acid radicals themselves may be capable of sustaining
successive abstractions of H^, by artificial means, so as to produce the

more highlv cai'bonised radicals. Thus C"*H'^ mav become in succession

C^H^C^H^bH^C^H^ ;
and in like manner C'R'\ may become C'-H^

C^H^^C«H^^C^H^^C«H^O'^H^C^H^ These are points that are capable
of experimental investigation, and are not likely to pass unheeded.

Besides these groups of radicals, I have endeavoured to trace the

existence of others, but without useful results. For example, the Group
7iC 4- CH* produces C'^H* and C^H*, but no other known radicals

;
and

the Group C -f ?iH produces CH.CH^Cff, and then stops, as there is

no known hydrocarbon radical with a greater proportion of H to C than

is found in methyl.
On looking over these homologous groups of radicals, the remarkable

fact strikes us, that the greater proportion of them are produced by a

very direct process from sugar or vinylate, and that most of the others
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seem to be derived by processes, which, though indirect, are short and

obvious, from the same substance. Sugar in the form of CH*0 is the

raw material which life in plants works up into the innumerable finished

manufactures which vegetables expose to the admiration of mankind

and among which animal life finds sustenance.

Constitution of Vice-Radicals.

The compound radicals which have been arranged in the Table

between pages 400 and 412 are subject, under the peculiar action of

various reagents, to have jmrt, or even the whole, of their hydrogen

replaced by other radicals, so as to produce an entirely new series of

radicals, retaining to a certain extent the properties, basic or acid, of the

original radicals, but not acting in compounds with the same degree of

vigour as the original radicals that have not undergone this process of

substitution. I propose to give such altered radicals the name of Vice-

radicals. There are five princijml varieties.

1 . Chloric radicals : in which a certain number of atoms of hydrogen
are replaced by chlorine. Bromine and iodine act in the same manner.

2. Nitrogen radicals ; in which the hydrogen is replaced by nitrogen ;

but in this case, every atom of replacing nitrogen carries into the salt

two atoms of additional oxygen.

3. Sulphuric radicals. When atoms of hydrogen are replaced by
atoms of sulphur, each atom of sulphur carries with it one additional

atom of oxygen.

4. Metallic Vice-radicals. Amidogen = NH*, and ammonium =
NH"*, can have part, on the whole of their hydrogen replaced by metallic

radicals, without destruction to the form or properties of the amidogen
or ammonium.

The hydrocarbon radicals can also permit some of their hydrogen to

be replaced by metals when acting as basic radicals. This point has

not hitherto had much consideration bestowed upon it, but the fact is

susceptible of experimental demonstration.

5. Amidogen = NH*, and ammonium = NH*, are further subject to

form many vice-radicals, by the substitution of various compound
radicals for some or all of their hydrogen.

I have shown elsewhere (" Radical Theory in Chemistry," p. 94)
that the systematic nomenclature recommended in this work can be

easily extended to such compounds.

THE SALTS PRODUCED BY ORGANIC RADICALS.

From the radicals enumerated in the foregoing Table, and from
other similar radicals, still unknown to us, spring, by combination with

one another, with oxygen, and with inorganic radicals, that infinite

variety of salts, of which plants and animals are composed, or which

appear to us among the products of their decomposition.
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As to such salts, it will not be expected or desired that I should, in

this place, go into much detail. I am not writing a system of organic

chemistry, but drawing a sketch of its prominent features
;
and I must

content myself, and I hope the reader also, by giving a few brief notices

of the chief Groups or Series into which organic salts are arranged, and

by restricting details to a few Select Salts, which may serve as

illustrative examples of the various forms of organic combination.

I. ORGANIC SALTS IN GROUPS OR SERIES.

The reader is requested to bear in mind the signification of the follow-

ing abridged symbols :
—

Rp means a compound radical of the positive or basic series, such as

methyl or ethyl.
R"* means a compound radical of the negative or acid series, such as

acetyl or benzyl.

A. Compounds produced by Basic Radicals.

The salts formed by basic organic radicals have the same general
character as those formed by basic inorganic radicals. They fall into

oxidised salts and non-oxidised salts. Among the former w^e find

oxides, hydrates, sulphates, nitrates, carbonates, oxalates, cyanates, &c. ;

and among the latter, chlorides, bromides, iodides, sulphides, cyanides,

sulphocyanides, &c. In short, the organic radicals have the same range^,
and completeness of chemical equivalence as the inorganic radicals. i

i). H,RP. Hydrides or Hydurets of Positive Radicals. 1

Compounds which contain one basic radical and one atom of hydrogen.
The following are examples :

—
HjCff. Hydra methyla. Hvdride of methyl. Marsh gas.

H,C^ff. Hydra ethyla. Hydride of ethyl.

H,C^H". Hydra amyla. Hydride of amyl.
H,C"ff. Hydra phenyla. Hydride of phenyl. Benzole.

The first names after the formulae in these lists, are constructed

according to the rules of the sy^stematic nomenclature explained at page

132. The names usually applied to the respective substances follow

the systematic names. I have introduced these new names to prove
the general applicability of the proposed nomenclature.

2). RP + RP. Compounds of Basic Radicals with one another.

The basic radicals combine with one another, and produce com-

pounds which are capable of isolation, and which, when isolated and

brought into the gaseous state, show^ their compound or complex nature

by an atom^ic measure of two volumes. The following are examples :—
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C*H\C^Hi^ Ethyla amyla.
CHSC^H^ Ethyla butyla.

CH^C«H'^ Methyla hexyla.

These double radicals, like the hydrides of Group i, have the

property of containing an even number of atoms of hydrogen ; by
which they are distinguished from true radicals, most of which contain

an odd number of atoms of hydrogen.

3). RP,RPO. Protoxides. Ethers.

An ether contains two similar basic radicals, one of them combined

with one atom of oxygen.
These compounds are similar in constitution to the great class of

metallic protoxides, such as quicklime, Ca,CaO. They constitute that

variety of ethers of which the model is presented by common ether,

frequently called sulphuric ether. The following are examples :
—

C*H*,C'ffO. Ethyla ethylate. Ethylic ether (common ether).

CH^CffO. Methyla methylate. Methylic ether.

C^H'SC^H^'O. Amyla amylate. Amylic ether.

The term ether is used very vaguely. Sometimes it is given to

organic compounds which are not protoxides, but salts containing
other radicals, such as chlorides, Rp,C1, acetates, Rp,C*H^O*, and

nitrites, Rp,NO^
In like manner the special names of ethers are often used vaguely.

Thus, the term sulphuric ether is sometimes applied to the compound
C*H*,C?H^O, and sometimes to the compound C^H*,SO'. These cases

show the necessity for the adoption of some such exact system of

names as that oflered by the nomenclature which I have explained at

page 132.

4), Compound Ethers.

Salts which have the form of the protoxides, 3), but in which the

two atoms of Rp are different, are called compound ethers. In general,
one of the two radicals contains CH^, or nCW less than the other.

Examples :
—

C W,(?W O = Methyla ethylate.

C*H*,C^H"0 = Ethvla amylate.
C ff,C^H"0 = Methyla amylate.

These compound ethers were discovered lately by Professor

Williamson.

5). H,RPO. Hydrated Oxides. Alcohols.

An alcohol consists of one basic radical combined with one atom of

hydrogen and one atom of oxygen. The alcohols have the same form
as the hydrated protoxides of metals, such as caustic potash

= KHO.
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The principal salt of this series, and the model of the group is common
alcohol = H,C^H^O. Examples :—

H,C H^ O = hydra methylate. Wood spirit. Pyroxilic spirit.

H,C* H* O = hydra ethylate. Common or vinic alcohol.

H,C^ H^ O = hydra propylate. Propylic alcohol.

H,C* H^ O = hydra butylate. Butylic alcohol.

H,C* H"0 = hydra amylate. Amylic alcohol, fusel oil, or potato spirit.

H,C^ H'^0 = hydra hexylate. Hexylic or caproic alcohol.

H,C^ H'^0 = hydra octylate. Octylic or caprylic alcohol.

H,C"^H"0 = hydra laurylate. Laurie alcohol.

H,C^'H=^0 = hydra cetylate. Ethal. Cetylic alcohol.

H,C*^H"0 = hydra cerylate. Cerotic alcohol. Cerotin.

HjC^H^'O = hydra myricylate. Hydrate of myricyl. Melissin.

The abstraction of H* from an alcohol converts it into an aldehyd.
See Group 29). Thus*:

Alcohol H,C'ff - H* = H,C*ffO, Aldehyd.

6). RPCl. Chlorides. Examples:
—

C'H'\C1. Amyla chlora. Chloride of amvl.

C*H^C1. Ethvla chlora. Chloride of ethyl. Chloric ether.

C ff,CI. Methyla chlora. Chloride of methyl.

7). RPI. Iodides. Example:
—

Cm\l. Ethyla ioda. Iodide of ethyl.

8). RPBr. Bromides. Example:
—

C^H*,Br. Ethyla broma. Bromide of ethyl.

9). RpS. Sulphides. Examples :
—

C*H^S. Ethvla sulpha. Sulphide of ethyl.

C^H\S. Allyla sulpha. Sulphide of allyl.

This compound is contained in various essential oils, particularly
in those of garlic, onions, leeks, cress, radishes, and assafoetida.

10). R^S + HS. Acid Sulphides, or compounds of neutral sulphides
of Group 9), with sulphide of hydrogen. These compounds
have received the name of mercaptans. Examples :

—
C*H^S 4- HS. Ethyla sulpha cum hydra sulpha. Mercaptan, or

Ethy1o-mercaptan .

CH^S + HS. Methyla sulpha cum hydra sulpha. Methylo-

mercaptan.

11). RP,CN. Cyanides. Examples:
—

Cff,CN. Methvla cyana. Cvanide of methyl.

C'H",CN. Amvia cvana. Cyanide of amyl.
C*H^CN. Butyla cyana. Cyanide of butyl.
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Some chemists consider these salts to be composed of acid radicals

and nitrogen. The question is discussed in my work on the Radical

Tlieory, page 217. See also page 380, and the article Cyanogen, in

this work.

12). RPS + CyS, or RPCyS'. Sulphocyanides.

The constitution of the sulphocyanides will be explained in the article

under that title. The organic sulphocyanides are equivalent to those

containing metallic radicals. Examples :
—

C^H*,S 4- CyS. Allyla sulpha cum cyana sulpha. The sulpho-

cyanide of allyl. The essence of mustard.

13) to 20). R^, as Basic Radicals in Oxidised Salts. The^e salts are

frequently called Compound Others.

i^\ RPSO^ Sulphates)

14). RP,RP,S*0^ Sulphites And with most other inorganic acids.

15). RP,NO^ Nitrates > The names sulphate, &c., have here

16). RP,NO^ Nitrites their common signification.

17). R^CO^ Oxalates J

. pp Rnn? - jR^C*H^O^ Acetates [And with nearly all the or-

ibj. K ,K U -
j j^p^(yjj502 Benzotes] ganic acids.

Any hydrated acid, whether inorganic or organic, which has a re-

placeable atom of hydrogen, can exchange that hydrogen, not only for a

metallic radical, but for any basic organic radical, and produce a salt

agreeing with the general formula No. 18).

19). RpRP,CO^. Carbonates. Examples:—

e'H^C*H»;CO^ Ethylen carbite. Carbonic ether.

CH%C'ff; C0\ Methyla ethyla carbite. Carbonate of ethyl and

methyl. Ethyl-methyl-carbonic ether.

K,C*H^ ; CO'. Potassa ethyla carbite. Carbethylate of potash.

These examples show that the carbonates carry out fully their

cliaracter by producing double basic salts. See page 362. The two
basic radicals need not even both belong to one series. In the last

example, we have one inorganic and one organic basic radical. It is a

practice with some chemists to club together the carbon, the oxygen,
and the ethyl, of such a salt, and to call the clump a conjugated acid,

which it appears to me is treating the carbonates with great injustice.

20;. RPSO^ + HSOl Bisulphates.

The sulphate of an organic basic radical combines with hydrated sul-

phuric acid, and produces a double salt, or bisulphate, exactly in the

same manner, as does the sulphate of potash, or of any other metallic

radical. And just as the bisulphate of potash can exchange its single
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atom of replaceable hydrogen for another metallic radical, and so pro-
duce a neutral double salt, so can the bisulphate of an organic radical

exchange its basic hydrogen for another basic radical, metallic or other-

wise, and produce a double neutral sulphate. The parallel between
the two kinds of bisulphates seems thus far to be exact

;
but there is

nevertheless a difference between them, which has caused much dispu-
tation. The soluble bisulphates of metallic radicals when added to a

solution of chloride of barium produce a precipitate of sulphate of

barytes. The soluble bisulphates of organic radicals under similar cir-

cumstances give no such precipitate. From the observation of this

experiment, many chemists have jumped to the conclusion that since

the bisulphates of the organic radicals give no precipitate with solutions

of barytes, therefore they are not sulphates at all, but are salts in which

the elements of bisulphates are grouped into proximate constituents

which cannot produce a sulphate with a solution of barium. But that

conclusion is based upon a weak foundation
;

for if we consider closely

what occurs in the experiment, we find it to be this, that when the

organic bisulphate is added to the solution of barium, a double decom-

position occurs, and a new double sulphate is produced, containing an

organic radical and the barytic radical, as its two basic radicals,

C*H',SO* + Ba,SO^, but which double sulphate has, per se, the pro-

perty of beiflg soluble in the liquor in which it is produced, from

which, therefore, it cannot precipitate. True it is, that sulphate of

barytes, not combined with an organic sulphate, is insoluble in most

liquors. True, also, it seems to be, that sulphate of barytes, combined:

with an organic sulphate, is soluble in almost every liquor. Wh.^
then, are we to jump to the conclusion, that because it is soluble it is

not a sulphate ? We see the reason why it is soluble. Why are we
to dispute the facts and declare that because it is soluble it is not a

sulphate ? The practice of chemists in this matter is unphilosophical.
Nature has ordained that sulphate of barytes, when present in inorganic

solutions, shall be insoluble. Her law is inflexible, and chemists learn

and obey it. But the same Nature has ordained that sulphate of

barytes, when in combination with an organic sulphate, shall be soluble.

At this point, chemists turn rebellious. They will not permit it. If

Nature is so extravagant as to make the ethylic bisulphates soluble,

even when they contain barytes, chemists determine to set her right, and

to do justice to the barytic test, by striking the organic bisulphates out

of the catalogue of sulphates, and decorating them with some other

title. They bind up the organic radical, the sulphur, and the oxygen,
into an imaginary bundle, and they call this bundle a Conjugated Acid

= H -f (C*H^SO^SO^). But what does that help them? The

barytic salt is still soluble, and all they gain Ms a new name which

carries a false idea
; namely, the idea that a sulphate cannot be present

because it cannot be precipitated by barytes.
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Examples of Organic Bisulphates :
—

CH^SO' 4- HSO^ Methyla sulphete cum hydra sulphete. Usual

name, sulpho-methylic acid.

(7H^S0* 4- BaSO^ Propyla sulphete cum baryta sulphete. The

barvtic salt of trityl sulphuric acid.

C*H^SO* + HSO'l Ethyla sulphete cum hydra sulphete. Double

sulphate of water and oxide of ethyle. Sulphovinic acid. Sulpho-

ethylic acid.

There are a great number of such salts, and they are perfectly analo-

gous to these examples.
The constitution of the conjugated acids has been fully investigated

in my work on the Radical Theory.

Compound Ammonias. In these salts, the 3 atoms

of hydrogen are replaced by one, two, or three

basic radicals
;
which may be of one kind or of

different kinds.

21). NHRP,H
NRPRP,H
NRPRP,RP

Examples :
—

NH,C^H^H. Ethylamine U ... . .
|

N,eff,C*H*;H. Diethylamine l^"" 'r'''^^
*^^ '^"^'^^'^ ^""^

N,C^H^C*H^ C^ff . TriethylamineJ
'^^^^^•

N,CH^C*H* ;
C*H'^ Methyl-ethyl-amylamine, where the radicals

are different.

Similar ammonias occur in which either all or some of the radicals

are negative, and others in which all or some of the radicals are

metallic. I'he conclusion to be drawn is, that ammonias occur, in

eachjof which there must be one atom of nitrogen with three other

radicals, which may be either hydrogen, or metals, or compound radi-

cals, positive or negative. In all cases the ammonia, however complex
in composition, bears a characteristic relation to the normal ammonia

NH*,H. For an extended list of these compound ammonias, see

" Radical Theory in Chemistry," page 199.

22). NRPRpRPRp,HO. Hydrated Oocides of Compound Ammx)niums,

The formula of the hydrated oxide of normal ammonium is

NHHHH,HO, which is exactly equivalent in chemical power to caus-

tic potash K 4- HO. The four atoms of hydrogen which constitute

ammonium are severally replaceable by compound basic radicals, either

alike or different, and the resulting compound ammonium, though
become very complex in constitution, still holds together and acts

precisely like caustic potash. I may quote, as an example, Hofi-

mann's hydrated oxide of methylethylamylophenylammonium

= N,Cff,CH^C^H",C^H*; HO.
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This great mass of ultimate atoms acts chemically as the equivalent
of KHO and NH^HO. The conglomerate N,CH^C•^H^C^H'^C«H^
equal to N + C* 4- H^, containing in all 39 radicals, has the satu-

rating capacity of only i radical.

23). RP,C]SrO. Cyanates.

The cyanates consist of one atom of cyanogen, one atom of oxygen,
and one basic radical.

Example :
—

C*H*,CNO. Ethyla cyanate. Cyanate of ethyl.

24). NHHHH;CNO. Cyanate of Ammoma. Urea.

25). NRPRPRPRP ; CNO. Compound Ureas.

The Urea theory is a subject of much controversy, and I have

entered upon a careful examination of it in my work on the Radical

Theory. The details are too copious for introduction here. See page 381.
Normal urea contains 4 atoms of hydrogen in its basic ammonium,

the replacement of which by compound basic radicals, one or more at a

time, and of the same or different kinds, gives rise to a considerable

variety of compound ureas, as is shown by the following formulae:—
]SrH^,CH^ ;CNO Urea containing i atom of methyl.

NH^C*H^C H*
;
CNO „ 2 atoms of ethyl

NHSC^ff,C^H'^ ; CNO „ I atom each of ethyl
and amyl.

N,C?H^C^ff,C«H*,eff ;
CNO „ 4 atoms of ethyl.

U^eas containing Acid Radicals.
*

A ^e\Y instances are known in which one atom of hydrogen contained

in cyanate of ammonia is replaced by an acid radical, in which case the

salt, as is usual when an acid radical comes to act as a basic radical,

takes up an additional atom of oxygen. Examples :

NH^C*H^; CNO^ Urea containing i atom of acetyl.

NH^C^H^CNO^ „ „ valeryl.

Compounds of this kind are commonly called Ureides. Only a few

are known, but probably many others could be prepared.

B. Compounds produced by Acid Radicals.

26). H,R'*. Hydndes of Negative Radicals. Compounds, each of which

contains one negative radical and one atom of hydrogen. Ex-

amples :
—

H,C^H'. Hydra ]-)ropionyla. Propylene.

H,C-'H7. Hydra butyryla. Bntyrine. Butylene.

H,C*H^ Hydra valeryla. Valerine. Amylene.
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H,C^H". Hydra caproyla. Hexylene. Caproilene.

H,CrH^ Hydra toluenyla. Toluine.

H,CH"^. Hydra capryla. Caprylene. Octylene.

H,C'^H^'. Hydra palmityla. Cetene. Cetylene.

H,C''H^. Hydra cerotyla. Cerene.

The compounds of this series, hke those of series i) and 2), contain

in each an even number of atoms of hydrogen, and as that even number
of atoms indicates in each compound the presence of two radicals, it

follows that when these compounds are gaseous, they possess an atomic

measure of two volumes ; or, in other words, the specific gravity of

their gases is equal to half their atomic weight.
There are Five kinds of Hydrocarbons.

—
i). Positive or Basic Radi-

cals, in which the hydrogen is present in an uneven number of atoms.

Of these radicals, Group A, page 401, gives a distinct idea. 2). Nega-
tive or Acid Radicals, in which also the hydrogen is present in an

uneven number of atoms. Group B, page 402, shows examples of

radicals of this description. There exist a very ^qw radicals with an

even number of atoms of hydrogen, but these are rare exceptions to an

otherwise general rule. See Groups C, E, I, L, N. 3). Compcunds
of Basic Radicals with Hydrogen. See Group i, page 414. 4). Com-

pounds of Acid Radicals icith Hydrogen. See Group 26 above. 5).

Compounds of Basic Radicals with one another. See Group 2, page 414.
The last three kinds have all necessarily an even number of atoms of

hydrogen. When these compounds are gaseous, the atomic measures

of those of i) and 2) are one volume
;
the atomic measures of those of

3), 4), and 5) are two volumes. In many works on Organic Che-

mistry, these varieties of hydrocarbons are discriminated very vaguely.

27). R",R"0. Protoocides.

This group of compounds should be parallel to those of Group 3) ;

but as in mineral chemistry we readily find protoxides of basic radicals,

but do not so readily find protoxides of negative radicals, so in organic

chemistry the compounds of this group are not so abundant as those of

Group 3). The following is, however, an example in point :
—

CH,CHO. Formyla formylate. This is the compound usually
called pyrogallic acid.

28). RP,R"0. Ketones, or Acetones.

A ketone contains one acid radical combined with one atom of oxygen,
and with one basic radical, in which there is C less than in the' acid

radical. Examples :
—

Cff,C2H'0. Methvla acetylate. Acetone.

C'H7,CH"0. Propyla butvrylate. Butvrone.

en^C^H^O. Butyla valerylate. Valerene.
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The ketones contain one equivalent of carbonic acid = CO', less than

the Anhydrides of the same acid radicals, llius :
—

CH^C^H^0 4- CO' = C^H^C'H^.
Acetone -f Carbonic acid = Acetic Anhydride.

As the ketones contain two radicals they have in the gaseous state an

atomic measure of two volumes.

Acetone is prepared by submitting acetate of potash to dry distilla-

tion. Two atoms of that salt are decomposed. Carbonate of potash is

formed, and acetone distils over :
—

K,C'ffO' + K,C'H«0« = CH«,C*H«0 + KKCO^
The other ketones are prepared by a corresponding process, performed

upon such salts as the benzoates, valerates, butyrates, margarates,

stearates, &c. This experiment shows one of the easy methods by
which acid radicals are converted into basic radicals.

29). H,R"0. Aldides or Aldehyds.

An Aldehyd consists of an acid radical combined with one atom of

hydrogen and one atom of oxygen. It differs from an Alcohol, Xo. 5),

by containing an acid radical instead of a basic radical. It differs from

a hydrated organic acid, No. 30), by containing a smaller quantity of

oxygen in combination with the same quantity of radicals. Examples :
—

H,C*H«0. Hydra acetylate. Aldehyd.
H,C^H^O. Hydra benzylate. Oil of bitter almonds. Hyduret

of benzoyle.

H,C*H70. Hydra butyrylate. Butyric aldehyd.

H,C^H^0. Hydra valervlate. Valeric aldehyd.
H,C'"H'^0. Hydra rutykte. Rutic aldehyd.

H,C^H^O. Hydra cinnamylate. Oil of cinnamon.

H,C^ff''0. Hj'dra melissylate. Melene.

The combination of a single atom of oxygen with each of these alde-

hyds converts it into an acid of Group 30). Thus :
—

H,C'IPO* = Hydra acetylete. Hydrated acetic acid.

The combination of H* with each of the aldehyds would convert it int

a compound of Group 5), namely, an alcohol containing a basic radica!

30). H,R"0^ or H,R"0'. Hydrated Organic Acids.

An organic acid consists of a compound acid radical combined wit) s

an atom of hydrogen acting as a basic radical, and commonly with twc

but sometimes with three atoms of oxygen. The monobasic acids c i

the vinyl series, Group B, page 402, have always two atoms of oxygei
'

Some radicals of other series require three atoms. The reason why :

not apparent. Succinvl = C^H', requires O' for the monobasic su<

cmates = H,C'H'0^ but tartryl
= C*H^ requires O" for the monobas
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tartrates = H,C*H*0^. Now it may 6e, that is to say, it is possible,

that the difference between the succinates and the tartrates is a dif-

ference only in the degree of oxidation, but it may also consist in a

difference in the nature of the proximate constitution of the two radicals,

whose ultimate constitution is C^H* and C*H^. Other cases of this kind

occur in sufficient frequency to call attention to this peculiarity. Thus,
if we compare acetic acid = H,C*H^O* with glycollic acid = 'H,C*ffO^,
we cannot but ask, is the difference in these acids a difference of oxida-

tion only, or a difference depending upon the constitution of the radi-

cals ? If we incline to the opinion that the difference is only one of

oxidation, and consider the radicals to be alike, then we must ask, what
of the radical which bears the formula C^H' ? Is it glycyl, or allyl, or

propionyl, or lactyl? Do these names mean one thing, or so many
different things ? Certainly, much remains to be done in respect to the

discrimination and identification of organic radicals.

In the preceding table of radicals, I have attached to each acid radical

the form of its hydrated acid. In all cases, the basic hydrogen denoted

by H, is supposed to be replaceable by any basic radical
; by a metal

such as K, Na, Ba, Pb, or As, or by a compound organic radical such

as methyl Cff, ethyl C*H*,^ amyl C^H", &c. In all these cases a

Neutral Organic Salt is produced.
All the acid radicals of the vinyl series, from No. 33 to 60, give rise

to oily, fatty, or waxy substances. Some of the other acid radicals,

such as benzyl, cumyl, &c, produce volatile essences, and some produce
the important acids which give flavour to the juice of fruits, such as

lemons, oranges, apples, pears, grapes, &c. Thus, while one class of

organic salts derived from sugar produce the odour and flavour of

fruits (see page 387), another class of salts, also produced from sugar,

give them their acidity or their oiliness.

T?"'T?nn5* f ^^ydndeSy or Anhydrous Acids.
R",R"0^ ^

The Anhydride of an Organic Acid, or, as it is also called, an

Anhydrous Organic Acid, consists of two acid radicals combined with
three or with five atoms of oxygen. The compound anhydrides have a

similar composition, save that the two acid radicals are of different

kinds. When the normal hydrated acid contains two atoms of oxygen,
then the anhydride has three atoms. When the hydrated acid contains

three atoms of oxygen, the anhydride has five atoms. A general notice

respecting the anhydrides has been given at page 295. A more com-

plete account will be found in my work on the Radical Theory. In all

cases the anhydrides are convertible, by combination with water, into

the normal hydrated acids. Thus :
—

R»,R"0^ -t- H,HO = H,R"0^ -f H.R"0«

R°,R''0^ -f H,HO = H,R«0^ + H,R"0^
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One equivalent of each anhydride, and one equivalent of water, are

equal to two equivalents of the hydrated acid.

32). H,R"0' -f H,HO, or H^R"0^ Polyhask Acids.

The term poli/hasic acid implies that you can have compounds in

which one acid radical exists in combination with several basic radicals.

The special kinds of polybasic acids, to which reference is chiefly made,
are the bibasic acids and the tribasic acids. As the notion of polybasic

properties is quite adverse to the leading assumption of the radical

theory (see page 122), that a salt contains only two radicals, I must

enter upon such an explanation of the theory of polybasic acids as will

enable the student to see what are the facts, or apparent facts, or things

falsely assumed to be facts, upon which that doctrine is founded.

32 a). Bibasic nature of the Carbonates.—The constitution of the

carbonates has been fully explained at page 359. If we take the

formula KK,CO^, we appear to have a veritable bibasic acid
;

so have,

we also if we take the formula by which the carbonates are more

generally indicated, that, namely, where two-thirds of their oxygen is

ascribed to the carbon and one-third of it to the metals KKO -f COO.

But, I have shown that we may consider the carbonates to be double

salts, formed in accordance with the formula KO -f KCO^ and in this

sense the acid radical C is not to be considered as endowed with the

power of neutralising two basic radicals at once. Still, as there is no

doubt of the fact, that in one equivalent of a carbonate we have two

basic radicals and one acid radical, the salt is effectively bibasic, and

must be treated as such in all experiments and computations.

326). Bibasic nature of the Salicylates.
—The salicylates have this

formula, HH,C'H"*0^, and their salts appear to be bibasic, since the two

atoms of basic hydrogen are replaceable by different basic radicals, so as

to produce such salts as Ba,Cuc;C7H*0^, and Ag,Cff ;C7H^0^ But

it is evident that this kind of bibasic power may exactly resemble thr

of the carbonates, in virtue of which power the true composition <

these salts may be BaO -f- Cuc,C'H^O^ and AgO + CH^C^H^O^ ii

which cases these compounds are to be regarded as bibasic in the sann

sense as the carbonates.

32c). Bibasic and Tribasic Phosphates.
—The formula of hydrate,

phosphoric acid is H,PO^. It is monobasic. But it can combine wit!

an atom of water, or with any salt formed on the model of water, sue

as KHO and KKO, and thus produce the following compounds, all c

which have been called tribasic phosphates :
—

HPO^ -1- HHO = H^PO*
HPO^ + KKO = K«H,PO*.

HPO^ + KHO = KH«,PO*
KPO^ + KKO = K^PO^

Here we have apparent cases of the combination of one atom of the aci

radical P, with three atoms of the basic radicals H and K. Yet w
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perceive that we may fairly consider all these compounds as consisting
of a monobasic phosphate in combination with another salt formed

on the model of water, containing indeed only one atom of oxygen, but

containing also the two radicals which form the acknowledged elements

of a salt.

It is found experimentally that the bibasic phosphates combine with

the monobasic phosphates to form an intermediate salt
;

or rather, we

produce many intermediate salts, which agree in constitution with a

compound of the other two salts. An example of this description is

shown at B in the following Table :
—

Classes of Phosphates. Analytical Formulae. Synoptical

A. Monobasic, or metaphosphate KPO^ = K P O'

B. Bibasic, or pyrophosphate KPO^ + KPO^+KKO = K^P^O^
C. Tribasic, or common phosphate KPO^-f KKO = K'P O*

32 c?). Polyhasic Acetates.—The regular formula of the acetates is

H,C*H^O*, which represents a monobasic acid
;
but among the numerous

basic salts of this acid, many occur which seem to indicate the ex-

istence of relations similar to those that exist among the phosphates.

Classes of Acetates. Analytical Formulae. Synoptical Fonnulae.

I Pb,C*H^O« =Pb, C^H^O*

I Pb,C^ffO'^+Pb,C^ffO"4-PbPbO = Pb*,(C^ff)«0'

I
Pb,C2H^O'4-PbPbO = Pb^ C^ffO^

A great many acids, both organic and inorganic, form salts of this

description. According to the radical theory, they are to be con-

sidered as double and triple salts, and not as salts of bibasic acids or

tribasic acids. As an example of a salt of this character, I may quote
a sulphate which contains three atoms of ethyl, one of sulphur, and
three of oxygen. The formula is (C*H*)^SO^ Is this to be con-

sidered as a tribasic sulphate ? By no means. It is simply a

double salt containing sulphate of ethyl, in combination with ether

C*H\SO' -I- C*H^C'=H'0. There would never have been any difficulty
about double salts such as this had not chemists too readily taken up
the crude idea that organic compounds must needs differ in constitution

and equivalence from inorganic compounds, which is not the case.

32 e). Polyhasic Vegetable Acids :
—

Triha^c Aconitic Acid = H^C«H'0''
Tribasic Citric Acid = W,C'Ii'0^
Bibasic Malic Acid = H^OH*0'^
Bibasic Citraconic Acid = H*,C^H'*0*
T7ibasic Gallic Acid = H^C'H'O^.

2f

A. Monobasic

Acetates

B. Bibasic

Acetates

C. Tribasic

Acetates
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I might add to this list the names of many other acids of the organic

series, which are usually assumed to be bibasic or tribasic. But it is

needless to accumulate examples where only a principle is to be ex-

plained.
The circumstance that in the salts of the vinylic acids, and in those

of many other acids, a neutral monobasic salt contains only two atoms

of oxvgen, and only a very few require three atoms, necessarily gives
rise to the suspicion that acids with four, five, six, and seven atoms of

oxygen, as shown in the above formulae, are not simple salts but double

or triple salts
;
and many other circumstances, particularly the nature of

the amidogen salts of these complex acids, tend to strengthen that

suspicion until it becx^mes not only a probability but almost a certainty.

A careful examination of the details respecting these acids seems to

show that in the juices of fruits there exist several acids of a very

simple composition, of which I have ventured to cite the following :
—

H,C*H O' called provisionally Dylic acid.

H,C^H='0^ ditto Mylic acid.

H,C'H^O' ditto Trylic acid.

These three acids, and all the salts produced by the replacement of their

basic hydrogen by other radicals, have the property of combining with

one another in various groups and proportions, one to one, one to two,

&c., and producing cry stall isable double or triple salts. For anything
that appears to the contrary, this combination of the salts into groups
takes place upon some such principle as that which leads to the forma-

tion oi the quadruple salts commonly called alums. In the intercombi-

nation of these organic acids, the power is reserved to each of them to

act like an independent acid, so that, in a combination of two acids, one

may remain acid and the other be rendered neutral, one may have

ammonium for a base, and the other by abstraction of HHO be con-

verted into an amidogen salt with a minimum of oxygen.
The combinations of these acids into the vegetable groups that pass

by the name of citric acid, aconitic acid, malic acid, citraconic acid,

and gallic acid, have been briefly explained at page 405, and in a

separate publication (The Radical Theory in Chemistry, article. Theory

of Polybasic and Conjugated Acids), I have exj)lained this matter in

detail, and given the factb and arguments upon which the opinions

now expressed are founded. The space at my command here does not

permit of mv quoting more than a iew formulfe.

32/). Malic Acid.—B.,C'B'0^ -\-B.,C'I{0\ This double salt show

the composition of malic acid, the acid of apples, the berries of tht

mountain ash, &c. The two atoms of basic hydrogen can each

both be replaced by metals or other basic radicals, similar or dissimilar

and thus give rise to a great varietv' of double salts.

NH*,C^H^O* + H,aHOl In diis example, one of the normal salt
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is converted into an amidogen salt. The product is a compound which

resembles the oxamic acid described at page 379, and indeed it belongs
to a class of compounds which are called amidogen, amidated, or

amided acids. The special name of the acid produced in this example
is aspartic acid. When the remaining atom of basic hydrogen is

replaced by a basic radical, the salt becomes an aspartate, such is

NH*,C*H^6' -f K,C'HO«, which is called the aspartate of potash.
When both the acids, which together constitute malic acid, are

converted into amidogen salts, thus : NH^C*H^O* -f NH*,C*HO, the

compound so produced is called Asparagine. This last compound is

produced in the root of a plant, even before leaves have grown, to

furnish its laboratory for converting the ingredients of the air into sugar
for its nourishment.

32^). Citric Acid, — I have assumed that its composition is

H,e'H'0^ + H,C*HO^ 4- H,C*HO*, and that it has three atoms of basic

hydrogen, which are collectively or severally replaceable by other basic

radicals. It can be proved incontestably that each of the three salts

which thus together constitute the crystallisable salt called citric acid,

can do and suffer all that it is usual for any single normal salt to do or

suffer. For example, you can have a citrate with one or two or three

atoms of amidogen, and with hydrogen radicals, metallic radicals, and

compound organic radicals, intermixed in any manner that can agree
with the transmutations of three radicals. So long, however, as the

three salts, or the residues of the three salts, adhere together, you have

a citrate, either normal, or only so far modified that it remains recon-

vertible into a citrate. If the combination of the three salts is effectually

overcome, you have then other salts, not reconvertible into citrates.

Thus, H,C'HO*, which I have called Dylic acid, may, when isolated,

become aconitic acid, or malic acid, or fumaric acid. I do not know
whether these acids are the same or different. Stran^rely enough,
chemists have given to aconitic acid the formula HHHjCH^O®, reckon-

ing it to be a tribasic acid
; for which the only evidence is that it

forms three kinds of salts, namelv, a)H,C^HO^ 6)K,C*H0^+H,C^H0^
and c)NH^e'HO* -f H,C=^HO^ + H,eHO^ These salts are sufiicientlj

intelligible as smgle, double, and triple salts, and they gain nothing from
the tribasic theory. The following formula, H,C*H^O=* + 2(H,eH0^),
represents citric acid as a triple acid. If you have one atom less of

H,C*HO*, then vou have malic acid. If you have H,C^HO^ in combina-
tion with H,C^H^O^ you have citraconic acid. If you have H,C"H«0«
alone, it probably is acrylic acid. But if the same radicals, or radicals

of the same kind and quality, take up O' extra, then you have

H,C*H'0^ pyruvic acid—an acid which is produced when heat is

applied to tartaric acid.

It is well known that the acid juice of a fruit rarely consists of a

single acid. Usually several acids are present together. Thus malic

2f2
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acid occurs abundantly in unripe apples, gooseberries, and currants, in

which it is accompanied by citric acid, and often by tartaric acid. It

occurs also in the stalks of garden rhubarb, in company with citric,

oxalic, and phosphoric acids. It is found in the berries of the mountain

ash in company with the recently-discovered sorbic acid, to which the

formula H,C*H^O* has been ascribed.

Now it is certainly possible, it is even probable, that the acid juices

of plants, instead of containing several complex bibasic and tribasic

acids, do contain several monobasic simple acids, each destined to some

peculiar purpose, at present unknown to us, and that these simple acids

combine with one another, and according as one or the other of them

prevails, either in the natural juices or in the modifications which the

transmutative power of the chemist makes the extracted juices to

undergo, they produce citric acid, or malic acid, or citraconic acid, or

mixtures of the whole to suit attendant circumstances.

32 A). Bibasic Acids of the Succinic Group.
—I have referred in the

account of the radicals. Group C, page 403, and Group E, page 407,
to certain acids which give double salts, after the manner of the

oxalates and sulphates, and which for that reason only have been con-

verted into apparently bibasic salts, by the short and easy process of

doul)ling the formulae of their acid radicals. A bibasicity, which is

thus made for a purpose, is a very different thing from such a bibasicity

as that of the carbonates and salicylates, which is natural and un-

avoidable.

32/.) The Glycerides.
—There are several organic acids formed by

compound radicals having the formula C^W. This radical occurs in

allylic acid under the name of allyl ;
in propionic acid under that oi

propionvl ;
in lactic acid as lactyl; and in glycerine it appears as the

radical glycyl. Whether or not these four names signify one and the

same thing, I cannot tell. There exists, at any rate, a compound
termed glycerine, which agrees with the formula H^,C^H*0^. There it

another termed allylic acid, which has the composition exhibited b}

H,C^H'0*. The former of these bears to the latter the relation of i

tribasic acid to a monobasic acid, for the constitution of it may b*

represented as H,C^H*0* -f- HHO. These two acids very probabl;
bear this relation to one another, so that, if the radical C^H^ is callei

glycyl, one of these acids is monobasic and the other tribasic glycylli

acid. It is with the tribasic acid, or glycerine, that we have to deal i

this place.

The three atoms of basic hydrogen contained in glycyllic acid ai

severally and collectively replaceable by other basic radicals, and th'

acid has the property of taking up by preference the radicals of the fatt

acids, many of which, while capable of acting as acid radicals again:

hydrogen and the metallic radicals, act against glycyl as basic radical

This affection produces the remarkable result that an acid radical <
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rather simple form, C^H*, appears to neutralise three other radicals of

very complex form, such as stearyl
= C^'*H^^, producing compounds

which, considered in relation to their ultimate constitution, are ex-

tremely complex, but not so when considered as double salts, composed
of compound radicals. Take for example the following three kinds of

stearin, all of which exist as natural fats, and can also be prepared

ai'tificially
:
—
Unitary Formulas

showing the Synoptical Formulae.

Ultimate Atoms. ,
'*•

n

1. C^ H« O^ = H ,H ,H ;
(7ffO»

2. C^'H^^O^ = H ,H ,Cm=«; C^H*0*

3.
C^H7« O^ = H ,C'«H«%C'«H^^; C^H^O*

No. I is glycerin, 2 is monostearin, 3 is bistearin, 4 is terstearin.

Here we have a series of salts in which the basic hydrogen of the

acid is replaced by one, two, or three equivalents of another radical,

which acts in these examples as a basic radical
;
but being of a kind

which usually acts as an acid radical, it requires ibr these salts an

additional quantity of oxygen to compensate for its deficiency of basic

power. This point has been explained in the theory of the anhydrides

given at page 295. Each acid radical, which goes into the salt as a

basic radical, takes with it in these examples one additional atom of

oxygen, because the normal steaiates require only two atoms. Hence
we have,

1. The tribasic glycyllic acid, with O^

2. The salt with one atom of stearyl, with O*

3. The salt with two atoms of stearyl, with O*

4. The salt with three atoms of stearyl, with O*.

When the glycyllic acid exchanges its basic hydrogen for compound
radicals, which in their normal state are also basic, then, of course, the

glycyllate, or glyceride, so produced, has no additional oxygen. Thus,
for example, the salt called biethylin, which contains two atoms of

ethyl, lias the following formula :
—

H,C''H^C«H^C«H50^

The radicals of other fatty acids, act with glycerine exactly in the same
manner as stearyl, so that salts of the same three general forms as the

above—monobasic, bibasic, and terbasic—can be produced with all the

fbilowing radicals, doubtless among many others :
—

Acetvl = C'H^ producing the three varieties of Acetin.
Benzvl = C^ H* „ „ Benzoicin.

Butvryl = C* H' „ „ Butvrin.

Oleyl =C'«H^« „ „ Oiein.
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Palmityl
= C'^H^' producing the three varieties of Palmitin.

Stearyl
= C'«H^* „ „ Stearin.

Sebamyl = C^ H* „ „ Sebacin.

Valeryl = O^ H« „ „ Valerin.

Margaryl = C^^W^ „ „ Margarin.

The fats, or glycerides, or glycyllates, whether monobasic, bibasic, or

terbasic, when boiled with a solution of caustic potash, all yield

glycerine of the same composition and condition of hydration. Why ?

Let us see. I will take the three stearins already quoted as ex-

amples :
—

2. H^ C'«H^ ;(7H»0*4- KHO = H^C«H*0«-f- K,C»«H^O«

4. (C'«H^/; (^H*0«+ 3KHO = H^C^ff0*+ 3(K,C'«H^^0*).

These quotations show that every individual radical of the fatty acids,

when disengaged from a glycerine salt, takes up K* from KHO (caustic

potash), and that the quantity of HO thus liberated from KHO is in

all cases exactlv sufficient to convert the liberated glycyl into the tribasic

glycyllicacid,H^(7H^0^
The constitution of the glycerides, and of glycerine, which has been

most absurdly treated as a teratomic alcohol instead of a tribasic acid,

have been fully investigated in my treatise on the Radical Theory.
The conclusions which I have arrived at are, I think, fully justified by
the evidence which is collected in that work.

33). NH*,R"0^. Ammonium Salts with Compound Acid Radicals.

The radical ammonium = NHHHH, replaces the basic hydrogen of

any hydrated organic acid. No. 30), and produces a neutral salt. The
ammonium is applied in the state of hvdrated oxide = ]SH*,HO.
Thus : H,C*H^O« -f- NH^HO = NH^C*ffO* -f H,HO. Acetic acid

+ hydrated oxide of NH* = acetate of ammonia + water. The other

hydrated organic acids act in the same water, and therefore protluce an

extensive series of salts of ammonium. Similar salts are also produced,

containing those compound ammoniums in which the hydrogen is

more or less replaced by other radicals. See No. 22), page 419. In

many cases these organic salts of ammonia combine with hydrated

organic acids, and produce acid salts in accordance with the general
formula NHSR°0^ + H,R"0^

34). NH^,R°0. Amidogen Salts mth Compound Acid Radicals. Amids.

The ammonium salts with organic acid radicals just referred to in

Article 33) undergo the same kind of decomposition as that by which
oxamid is produced from oxalate of ammonia. See page 378. Thus,
the acetate of ammonia, on being deprived of an atom of water, pro-
duces a compound called acetamid:—
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NHHHH,C*H^02 - HHO = NHH,C*H='0.
Acetate of ammonia — Water = Acetamid.

In this manner a vast number of compounds are procured, to which

chemists have given the name of Amids. Examples : NH^jCH^O =
Benzamid; NHSC^H^O = Valeramid; ZH^C^H'0 = Cinnamid. But
other substances, not usually called Amids, appear to belong to that

category. For example :—
NHHHH,C^H^O^ - HHO = NHH,C*H^O*.

Glycoliate of ammonia — Water =
Glycoll.

The amids are crystallisable substances, neutral to test-papers, and
do not combine with acids to produce salts. Hence they are salts and

not basic radicals.

There are several methods of preparing amids.

1. By the action of a solution of ammonia on compound ethers.

Thus :—

C«H^CO« + NH«H = H,eH*0 + NH«,CO.
Oxalic ether -f- Ammonia = Alcohol + Oxamid.

In this case the oxalate of ether with ammonia produce alcohol and

oxamid.

2. By the action of carbonate of ammonia on the oxychlorides of

organic radicals. Thus :
—

C^ff,C10 4- NH^NH^CO=* = NH^Cl

Oxychloride of benzoyle -j- Carbonate of ammonia = Sal ammoniac

-f NH*,C7H^0+ CO^ 4- HHO
4- Benzamid -f- Carbonic acid 4- Water.

The carbonic acid goes off with effervescence ; the sal ammoniac and
excess of carbonate of ammonia are washed away with water, in which
the benzamid is but sparingly soluble.

3. By the action of ammonia on the anhydrides. Example:—
C7H*,C^H*0^ 4- NH*H = NH^C7H^0 4- H,C^H*0*
Benzoic anhydride 4- Ammonia = Benzamid 4- Benzoic acid.

Reconversion of Amidogen Salts into Ammonium Salts.—When the

amidogen salts are boiled in water, which contains a little free acid,
salts of ammonium are produced :

—
NH^C•^ffO 4- HHO = NH^CH«0^

If they are boiled with caustic alcali, salts of that alcali are produced,
and ammonia is set free :

—
NH^C^ffO + KHO = K,C*H^O« 4- NH^H.

As there are many varieties of amidogen salts, it is necessary to give
some notion of the principal kinds.
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a). The normal amidogen, oxamid, produced by the abstraction of

HHO from oxalate of ammonia.
All the other amidogens are so far parallel to this one that

they consist of normal salts of ammonium minus HHO.
6). Derived from the neutral oxalates of vice-ammoniums :

ZH,C«ff; CO from ZH^C«H^;CO^

c). Derived from neutral salts formed by normal ammonium with

organic acids :

ZH«,effO from ZH^C^H='0* Acetate.

Zff,C7H^0 from ZH^C7H*0^ Benzoate.

d). Derived from the neutral salts formed by compound ammoniums
with organic acids :

ZHjC^ff ;
CHO from ZH^(7H* ;

CHO* Formiate of ethylam.

II. EXAMPLES OF ORGANIC SALTS.

First Series.—Salts produced by Acid Radicals.

Acetic Acid.—Vinegar.

Formula, H,C*H^O* = Hydra acetylete ; Equivalent, So ; Atomic

measure in the gaseous state, 2 volumes; Specific gravity of gas, 30.

Hydrated acetic acid is a combination of the radical acetyl
= C*H'

with one atom of hydrogen = H, and with two atoms of oxygen = 0*.

The radical acetyl has not yet been isolated.

Acetic acid is the best known and most important of the organic
acids. When greatly diluted with water, it is called vinegar. It does

not appear to exist in the juices of plants, but it is readily formed during
various decompositions of the radicals of the vinyl series, of which I

will give some particulars. It is often spontaneously produced under

circumstances when we do not desire its presence, namely, in wine,

beer, syrup, in cooked food, and in the expressed juices of fruits, when
not sufficiently protected from the action of the air.

Phenomena which attend the destructive distillation of Oak, Beech,

Box, or other hard wood.—I have already shown, at page 61, that

when vegetable substances are burnt in close vessels, they produce
charcoal, vinegar, and other volatile products. I proceed to describe a

method of making that experiment with more exactness. This requires
the apparatus represented in

fig. 378, page 433 :
—

Letter a represents a hard glass tube, half an inch in diameter, and

about ten inches long; b, a tube about three-quarters of an inch

diameter, bent at the middle
; c, is a gas-delivery tube

; d, a pneumatic

trough ; e, a jnr for collecting gas over water. The tubes, a, b, c, may
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be connected together either by corks, or collars of caoutchonc. Half
fill the short branch of the tube, a, with bits of dry, hard wood, free

from turpentine. Connect the parts of the apparatus, and apply to a,

the heat of a gas flame or spirit lamp. Tn a short time two liquors will

collect in the bend of the tube h, and gas will rise in the receiver e. Of
the first gas which comes over, a quantity equal to about twice the

capacity of the apparatus, «, &, c, should, for the reason stated at page
1 80, be collected apart from that to be afterwards collected in the

receiver e. The whole of this process of dry distillation is to be

performed exactly like that already described at page 325, in reference to

the distillation of bones.

Examination of the products oftlie distillation. In a), the retort.—•

The residue is charcoal. See page 62, as to the means of proof. This

charcoal contains a small quantity of ash. It should be burnt carefully
to isolate the ash. See pages 327 and 336, as to the methods of

burning the carbon from the ash. It will be found, that the ash left by
wood charcoal is much smaller in proportion than that left by bone
black. See page 327. It will also be found upon trial, not to consist

of phosphate of lime, but chiefly of carbonates of potash and soda, with
a little sulphate, chloride, and silieate of those bases.

In
b^, the bent receiver.—Two liquids will be found, a thick, brown

hquor, and a thin, clear one, pale in colour. Both of these liquors
contain a great variety of products, but the principal ingredients in the

clear liquid are acetic acid and wood-spirit, with more or less acetone

and acetate of methyl, dissolved in water. The brown liquor, or oil,

which is only partially soluble in v/ater, is commonly called wood-tar,
and contains a great variety of substances, which differ according to the

kind of wood made use of, the degree of heat at which it is charred, and
various other circumstances. Among the substances so produced, I
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may name the following, for special descriptions of which I have no

space, a). Hydrocarbons
—such as toluole, cymole, xylole, eupion.

b). Oxidised bodies—kreasote, picamar, kapnomor. c). Solid portions—
paraffin, naphthalin, and many others.

In e), the gas-receimr.
—Mixed gases, variable in number and quality,

but usually including marsh gas H,CH^, olefiant gas (vinyl) CH*,
carbonic acid gas CO^, and carbonic oxide gas CO. The hydrocarbons

usually preponderate, and yield a gas which is combustible with a

brilliant flame, for which reason, in some countries, where coal is dear

and wood cheap, wood-gas is used instead of coal-gas.

Experiments.
—The two liquors in the bent receiver, &), can be

separated by decantation or by means of a pipette. The brown, tariy

liquor, is too small in quantity and too complex in composition to afford

useful experiments on this small scale. But in the clear liquor it is

possible to show the presence of acetic acid, first, by its action on

litmus, secondly, because it is volatile, and finally, because you can

combine it with bases, and so determine the special character of the

acetates. Acetone, wood-spirit, and the other volatile bodies, are

])resent in such an experiment in quantities too small for separation and

particular examination.

The decanted impure acetic acid may be neutralised by the addition

of a solution of carbonate of soda, and then be evaporated to dryness
and gently heated. The heat drives off the volatile substances, and also

decomposes and expels a quantity of the tarry matters which had
dissolved in the acid. The acetate of soda is then to be dissolved in

water, filtered, concentrated by evaporation, and crystallised. The

crystallised acetate of soda is afterwards to be mixed in a retort with

hydrated sulphuric acid, and submitted to distillation, upon which

purified hydrated acetic acid distils over, and sulphate of soda remains

in the retort :

Na,C^H^O^\ _ mpWO^ Acetic acid.

H,SO^ j t Na, SO^ Sulphate of soda.

These particulars show the leading facts of the process by which a
vast quantity of the acetic acid, or pyroligneous acid, which is employed
in the arts, is prepared for sale. For details of this manufacture, I

refer the reader to Muspratt's Chemistry applied to the Arts and Manu-

factures.

Theory of the Decomposition of Wood and production of Acetic Acid
and other products.

—I have stated at page 384, what is the composition
of woody fibre, or cellulose, the organised body which mainly constitutes

the substance of the hard woods, affected more or less bv the inspissated

juices of the plants which remain between the fibres. The decomposi-
tion affords an immense variety of products, which will be best shown

by a few equations :
—
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CH^O = Carbon and water = C + HHO

IcH^o}
= Acetic acid = H,C*H^O'

JCH*01 _ (Marsh gas
= H,Cff

tCH*Oj
~

I
Carbonic acid = COO

(Olefiant gas = CH*
,

Carbonic oxide = CO
Water = HHO.

These represent the most important of the bodies produced by the

dry distillation or imperfect combustion of wood. The taiTy matters are

too numerous and complex to be explained in this place.

ra={'

Other Methods ofproducing Acetic Acid.

From Alcohol.—In Germany, and other countries, where alcohol is

cheap, vinegar is prepared by the oxidation of alcohol. For that

purpose, diluted alcohol (brandy, beer, wine, &c.) is made to trickle

slowly over an extensive surface of thin box-wood shavings, contained in

large wooden vats or casks, arranged in the manner exhibited by fig. 379.
B represents a cask filled with box-wood shavings ;

6, is a tray containing alcohol, which slowly trickles

down through many small holes made in the bottom

of the tray, and falls upon the shavings; c, c, c,

represent a series of holes intended to admit atmo-

spheric air near the bottom of the cask. The air

rises upwards through the shavings, communicating

oxygen to the descending alcohol, and the residue of

the air escapes by the tubes which pass through
the tray, two of which are shown in the figure.

The oxidised alcohol, on reaching the bottom of the

cask, where there is a false bottom to support the

shavings, passes oft' by a syphon into the receiver, a. It is returned to

the cask, and passed several times through the wood-shavings, until it

is found to be sufficiently acidified.

A comparison of the constitution of alcohol and vinegar shows what

occurs in this operation :
—

Alcohol H,C«IP01 _ (H,C^ffO« Acetic acid.

Oxygen O -f- Of
~

I HHO Water.

The first action of the oxygen is to reduce the radical ethyl, C*H', to

acetyl, CH^, by taking away two atoms of hydrogen to produce an

atom of water = HHO. The alcohol is by that reduction converted

into aldehyd = H,C''H^O. The second action of the oxygen is to

convert aldehyd into acetic acid :
—

H,C«H^O + = u.cm^oK
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If diluted alcohol is made tx3 drop slowly from a pointed funnel upon
the metallic substance called platinum black, placed in a capsule under
a bell jar, in which there is a free circulation of air, the conversion of the

alcohol into acetic acid takes place with rapidity. In the same manner

wood-spirit, H,CH^O, can be converted into formic acid, H,CHO^
and amylic alcohol, H,C^H"0, can be converted into valerianic acid

Wine- Vinegar.
—The merely sour taste of pure acetic acid is not

liked so well with food as the flavour of what is called wine-vinegar, in

which, besides the taste of acetic acid, we have that of acetate of ethyl,
and probably of some other of the fragrant essences that have been

noticed at page 387. Vinegar having a flavour of this kind is prepared
in France from sour wines, and it preserves the bouquet of the wines in

addition to the flavour of the acetic acid. White-wine vinegar and red-

wine vinegar refer to the description of wines from which the vinegars
are prepared.

3faU Vinegar.
—Infusion of malt, wines, weak syrup, stale beer, sour

cider, and even starch fermented with yeast, yield very good vinegar.
In short, all the organised bodies which contain vinylate

= CWO, see

page 384, can, by direct or indirect processes, be made to produce
acetic acid. The choice of one or the other of these fermentable liquids

depends upon local and temporary circumstances, above all things, upon
custom-house or excise-office taxation.

To produce vinegar from any of these substances, they should be

placed in water, with a little yeast, or a piece of bread soaked in

vinegar, to originate the action; and the vessel containing the mixture,

loosely covered so as to admit air freely, should be set in a warm place,

say at the temperature of 90° or 100° Fah., and after some weeks or

months, a quantity of vinegar will be produced. Pure diluted alcohol,

secured from air, does not produce vinegar ;
air is necessary, and also

some fermentable substance.

Distilled Vinegar.
—

Vinegar prepared from fermented liquors contains

mucilage and other foreign matters, susceptible of separation by simple
distillation. The acid liquor which passes over is called distilled

vinegar.
Acetic acid is rather less volatile than water, so that when a diluted

acid is distilled, what first goes over is weak acid, and what follows is

stronger ;
but the difference between the boiling points of acetic acid

and water is not so great and so definite as to pennit of the effective

separation of H,C^H^O^ from HHO, in the manner that hydrated

sulphuric acid can be completely separated from water. m
Concentrated Acetic Add.—Very strong acetic acid can be prepare<r

by distilling the acetates of soda, potash, lead, or copper, with an

equivalent proportion of sulphuric acid, diluted with half its bulk of

water.
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Properties of Acetic Acid.—The hydrated acetic acid = H,C^H^O*, is

very soluble in water. Its concentrated solution has a peculiar pungent
odour, and is sufficiently corrosive to blister the skin. It boils at

243° Fah., and distils unchanged. The vapour is combustible, and its

combustion produces carbonic acid and water :
—

H,C*H«0* + 0* = 2C0^ + 2HHO.

The liquid acid readily crystallises : the strongest acid at 55° Fah
; the

weaker acids at lower temperatures.
It is commonly stated in books, that the most concentrated acid has

a specific gravity of i '063, and that at this density the composition is

represented by the formula H,C''H^O*. Some years ago 1 made a

careful series of experiments on acetic acid, but I did not come to these

results. After several crystallisations of the acid, the strongest solu-

tion which I could procure, by melting the crystals and carefully raising
the solution to 62° Fah., had the specific gravity of 1-0583, and
contained 7162 grains, or 119' 375 test-atoms of HjC^H^O" in a

decigallon. That proportion answers, not to H,C*H^O*, but to about

8|(H,C^H^0^) + HHO.
As it is possible, by exposing weak vinegar to cold, to freeze water

before the hydrated acetic acid freezes, and then, by separating the ice,

to strengthen the vinegar, it has been sometimes stated that, in all cases

when acetic acid crystallises, the crystals are weaker in acid than the

accompanying solution. That, however, is not the case. In the

experiment which gave me the strongest acid that I could obtain, the

chemical strength of the crystals was 1 1 9^°, and that of the mother-

liquor was 1 1 4-i°.

In the Table on the following page I give the results of my experi-
ments on acetic acid.

All the lines in Acetic Acid, Table A, are the results of direct

experiments made with great care. But they systematically include

the error which results from the assumption, that when acetic acid is

made neutral to litmus by the addition of caustic ammonia, the product
of such neutralisation is neutral acetate of ammonia. That is an error,

because neutral acetate of ammonia is alcaline in its action on litmus.

When, therefore, the solution is rendered appay^ently neutral^ it contains

not only a neutral acetate of ammonia, but also as much free acetic acid

as serves to neutralise the apparently basic action of the neutral salt, as

shown by its action on litmus. Consequently, every equivalent of

ammonia requires for the production of an apparently neutral solution

more than an equivalent of acetic acid, and the solutions of acid in this

table are all to that extent undervalued. This, perhaps, was the reason

why, in testing the crystal lisable acid, I did not find the protohydrate.
The methods recommended in some works of testing acetic acid by

means of solutions of the carbonates of potash and soda, or by carbonate
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Acetic Acid.—Table A.

Test Atom H,C«ffO' = 60 Grains. Temperature 62'^ F.

Specific

Gravity
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of lime (marble), applied in a lump, do not remedy this inconvenience.

But an acetimetrical process has latterly been suggested, which is said

to overcome all difficulties. This process is as follows :
—

Copper Test for Acetic Acid.—Dissolve sulphate of copper in warm
water, and add to the clear solution caustic ammonia very gradually,
until the pale-green precipitate which first appears is very nearly re-dis-

solved. I say very nearly, because it is necessary that the solution

should be saturated with oxide of copper, and that saturation is insured

by putting into the mixture only so much ammonia as is not quite

enough to dissolve all the precipitated oxide. The mixture is then to

be filtered, and the bright azure-blue solution is to be graduated to a

standard.

The constitution of the salt contained in this solution is

NH*,SO* + NH*,CucO.

The first substance, sulphate of ammonia, has no action. The cupric
ammonia is the true acidimetrical substance. When this compound
meets with two atoms of free acid it enters into combination and pro-
duces a transparent solution, losing its brilliant blue colour, and

acquiring the dull greenish-blue tint proper to a solution of sulphate
of copper :

NH*,CuoO] fNH^ ,S0*

H,SO^ )
=

{ Cue, SO*

H,SO« J I
H ,H0.

If now% to the solution brought into this neutral state, a single drop
of the solution containing NH'*,CucO, is added, this drop acts upon an

equivalent quantity of the cupric salt in the liquid, and two equivalents
of the hydrated oxide of copper are thrown down :

—
Cue ,S0* ] (NH^SO« soluble.

NHSCucOl =
<^ Cue,HO |. , ,,

H ,H0 J ICucHO [^"««l^^We.

The green precipitate of CucHO which is thus produced is insoluble in

the mixed solutions, and its appearance marks the point of neutrality.
The solution of cupric ammonia, prepared as directed above, is

brought to the strength of
5°, 10^, or any other degree, by the same

method as that by which caustic ammonia is prepared of 5° or 10°.

See page 108. Standard sulphuric acid of 5° may be used to test it.

The test liquor, so adjusted, may be used to test acetic acid, or any
other acid which gives a soluble cupric salt. When used for acetic acid,
that acid must be diluted, because hydrated cupric oxide is soluble

in a strong solution of cupric acetate.

I have not been able to make a series of experiments with this new
test, and therefore I retain the comparisons that are given in Table A.
The results there shown are correct relatively, though not so, to a small
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extent, absolutely, and they accord strictly with the methods of testing
in common use.

However, I will give a table of acetic acid (B) in which the relations

are independent, not only of the errors due to inaccurate testing, but

also of tiie mistakes that may arise from a wrong comprehension of the

value of the specific gravity of the acid, which, as the following para-

graph shows, is a point of some importance.

Irregularity of the Specific Gravity of Acetic Acid.—The strongest

acetic acid, according to my experiments, has a specific gravity of

1*0583. Its chemical strength is nearly 120^. By dilution with

water, the density is increased to about 1*0744, "^^^en its chemical

strength is 100^. By further dilution the density is constantly dimi-

nished; and at a certain point it is again, as at first, i -0583, at which

density its chemical strength is only 53°. It is impossible, therefore,

to judge of the chemical or commercial value of acetic acid from its spe-

cific gravity. Moreover, even among the dilute specimens of acid,

great changes in chemical strength cause but slight changes in density.

For solutions of this acid the hydrometer is useless and delusive.

Varieties of Acetic Acid.

CrystalUsahk Acid.—This acid ought to have the strength shown by
the first line in Table A, namely, 119^ test atoms per decigallon. But

it is not uncommon to find in commerce acid bearing this name, but pos-

sessing not more than one-half or two-thirds of this strength. It ought
never to be under 1 12.

Strong Pyroligneous Acid prepared for the use of Calico-printers.
—

I have found this acid to be about 37° or 38°.
London Malt Vinegar.

—The London malt vinegar. No. 24, corre-

sponding to the old Excise Proof Vinegar^ should, according to the

authorities, possess a strength agreeing very nearly with 7°, or seven test

atoms per decigallon. But as the makers are not now under the control

of the Excise, there exists little uniformity on this point. Generally.

No. 24 agrees more nearly with 6°. The following are the average

results of several testings of commercial vinegars which I had occasion to

make some time ago :
—

No. 16. . . . 3f degrees.

17. . . • 5^ degrees.
18. . . . 4i degrees.
22. . . 6 to 7i degrees.

24. . . 5t to 6 degrees.

Vinegar in mixed pickles 2 degrees.

The reduction of the strength from 7° to 6° is equivalent to a rise of

1 5 per cent, in price; for Table B shows that 143 gallons of 7° will

dilute to 167 gallons of 6°; being an increase of 24 gallons, which Is

only water.
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Acetic Acid.—Table B.

Test Atom H,C*H^O* = 60 Grains.

Grains
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The Adulteration of Vinegar.
—The only adulterant of vinegar which

is likely to be used extensively is oil of vitriol, because other more
volatile acids, nitric and hydrochloric, spoil both the taste and the

odour of the vinegar so completely as to render it unsaleable; w^hile

diluted oil of vitriol has a pure acid taste and no odour. It will be

seen, from the tables of sulphuric acid, that 3^ gallons of oil of vitriol,

diluted with water, produce 167 gallons of an acid as strong as vinegar
of 6^, which is equivalent to most specimens of commercial (No. 24)
that I have examined. Now, 34 gallons of oil of vitriol of sp. gr.
I

•

846 weigh about 70 lbs., and would cost a manufacturer about as

many pence, so that 167 gallons of diluted sulphuric acid of the

strength of vinegar could be made at less than a halfpenny per gallon.
If such an acid could be sold as vinegar for a shilling a gallon, it would
be a profitable article of commerce. But people will not drink oil of

vitriol instead of vinegar if they can help it, and the substitution actually
takes place to only a limited extent, though often to an extent that is

injurious. I have several times found it to be one-sixth or one-seventh

of the whole acid strength of commercial vinegar ;
sometimes one-tenth ;

sometimes one-twentieth; rarely less than one-twenty-fifth. The ex-

cise allowance was only one of sulphuric acid to one thousand of

vinegar.

Quantitative estimation of Sulphuric Acid in Vinegar.
—If pure vinegar

is diluted with four times its bulk of distilled water, and boiled in a

glass beaker or a wide-necked flask, and a dilute solution of nitrate of

barytes is added, no precipitate is produced ; but if impure vinegar con-

taining sulphuric acid is thus treated, an insoluble precipitate of sulphate
of barytes appears in the mixture. Every fresh addition of the solution

of barytes produces a fresh proportion of precipitate until all the sul-

phuric acid is thrown down from the liquor in the state of sulphate of

barytes.

Preparation of the test liquor.
—Dissolve 65j grains of dry nitrate of

barytes in water, and make with it a decigallon of test liquor at 62° F.

See page 103, for an account of the manipulations. This

quantity of nitrate of barytes is equivalent to half a test

atom, or 24^ grains, of hydrated sulphuric acid, H,SO*, and
as it is diffused in 1000 septems, each septem of it indicates

•0245 grain of sulphuric acid.

Process.—Mix 25 septems of the vinegar to be tested

with 100 septems of distilled water. Boil the mixture.

Add the barytic test from a graduated tube, first a septem,
and then other quantities, as apparently demanded, and

finally a drop at a -time, till the sulphuric acid is entirely

removed. As the liquor becomes turbid from the precipi-

tate, it is necessary from time to time to filter a little of

it for testing. This is effected by means of the tube filter
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represented by fig. 380. A bit of filtering paper secured by a bit of

calico is tied over the end a, which end is dipped into the turbid boiling

liquor, and when a little clear liquor rises into the tube 5,

it is decanted fi'om the neck c into a test-glass, fig. 381,
to be there tried with a drop of the test. If there is no

precipitate, the action is ended. If there is a precipitate,

the mixture is poured back from the test-glass into the

beaker, more test liquor is added, and after a little more

boiling the filtration and separate testing is repeated.
When the sulphuric acid is entirely precipitated, the

number of septems of test liquor that has been used for

that purpose, multiplied by '0245, gives the quantity of

oil of vitriol expressed in grains, contained in 25 septems of the vinegar
thus tested.

Detection of Kreasote in Vinegar.
—Sometimes wood vinegar is

coloured and sold as wine vinegar. If the wood vinegar has not been

thoroughly separated from kreasote it can be easily detected. To that

end, the vinegar is to be neutralised with an alcali and then boiled. If

kreasote is present, a vapour is given off", the odour of which resembles

that of burning wood.

Spontaneous Decomposition of Vinegar.
—When vinegar is freely ex-

posed to the air it gradually turns mouldy ;
the weaker the acid the

more rapid is this decomposition. A skin of vegetation appears on the

surface, gelatinous lumps fall to the bottom, and in the liquor swim
countless infusorial animals. When the decomposition is far advanced,
some of these animals in the form of eels are visible to the naked eye.
The progress of this spontaneous decomposition of vinegar can be

arrested by boiling and filtering it. In common language, vinegar
which contains animalculae is said to be mothery.

Testing of Acetic Acid.—As no reliance can be placed upon the indi-

cations of the hydrometer, the only method of testing the strength of

acetic acid is the chemical method of saturation with an alcali. The
best test liquors are caustic potash and caustic ammonia, or, for more

precise results, the cupric ammonia test already described. The car-

bonated alcalis are quite improper, because the disengaged carbonic acid

cannot be driven oft' under a toiling heat, and that heat simultaneously
drives off" as much acetic acid as vitiates the experiment. The best

form of alcalimeter is that of Dr. Mohr, represented by fig. 78, page loi.

The strength of the test alcalies may be 5° for general use ;
but it is

possible that manufacturers of vinegar may find it handy to have test

liquors answering to vinegars of specific numbers, 24, 20, 18, &c.

These are easily prepared by the methods described in the general
article on Centigrade Testing. The colouring matter of malt vinegar
obscures in some degree the action of the liquor on the colour of the

litmus ; but if the acid to be tested is diluted with three or four times its

2g2
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volume of distilled water, this difficulty is lessened, and does not pre-
vent the accurate performance of the analysis.

Aromatic Vinegar.
—Concentrated acetic acid dissolves several of the

essential oils, and acquires a fragrant odour from them. Tlius, a few

drops of oil of cloves and of cinnamon, dissolved in concentrated acetic

acid, produce what is termed aromatic vinegar. The following is a

more complex prescription for such a preparation:
—Take 360 grains

of concentrated acetic acid, 240 grains of acetate of ethyl, 180 grains

of absolute alcohol, 45 grains of clove-oil, 30 grains of cedar-oil, 30 grains
of lavender-oil, 15 grains of bergamotte-oil, 15 grains of oil of thyme,

7 grains of oil of cinnamon. Dissolve, filter, and preserve in a well-closed

bottle. Six or eight drops placed on a hot iron plate scents a large room.

Acetates.—The hydrated acetic acid H,C^H^O^ exchanges its basic

hydrogen for any other basic radical, and produces salts in accordance

with the monobasic formula M,C^H^O^. It also produces acid salts,

and in some cases the normal acetates combine with a salt on the model

of water HHO, and so produce tribasic salts. See page 42 5.

The acetates are destroyed by heat. Those which contain an alcali

or alcaline earth, if rapidly ignited, produce carbonates mixed with char-

coal. Acetates that contain easily reducible metals often yield reguline

metals and carbon when ignited. Others give protoxides.
When heated with strong sulphuric acid, the acetates all give off

acetic acid, easily recognised from its pungent odour. The acetates are

nearly all soluble in water and in alcohol. When heated with lime

they give off acetone, and when distilled with hydrate of jx>tash they

yield marsh gas. When solutions of neutral acetates are mixed with

solutions of neutral ferric salts the mixture assumes a deep blood-red

colour. Free acids destroy that colour.

The most important acetates are those which are formed with potash,

soda, ammonia, barytes, lime, alumina, iron, lead, and copper.

Acetic Anhydride, or Anhydrous Acetic Acid.

Formula, C'H^C^H^O^; Equivalent, 102
; Specific gravity of gas, 51 ;

Atomic measure, 2 volumes; Specific gravity of liquid at 69° F. i '073.

Prepared by distilling three parts of oxychloride of phosphorus with

eight parts of anhydrous acetate of potash. A colourless, very mobile

liquid of high refracting power. Water and the moisture of the air

slowly convert it into hy».irated acetic acid :
—

H,HO j

~
tH,CTi^O'.

The acetic anhydride forms with acetate of potash a salt which is

equivalent in form to the bichromate of potash :
—
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The Acetate = 2(K,C^ffO'^) + C*ff,C^H^O^
The Chromate = 2(K,Cr O*) + Cr,CrO\

Aldehyd,

Formula^ H,C*H'0; Equivalent, 44; Specific gravity of gas^ 22;
Atomic measure, 2 volumes; Specific gravity of liquid at 32°, o*8.

Preparation.
—Distil in a capacious retort a mixture of 6 parts of oil

of vitriol, 4 parts of alcohol of sp. gr. 0*85, 4 parts of water, and

6 parts of peroxide of manganese, in fine powder. Conduct the dis-

tilled product into a receiver cooled by ice.

Theory :
—
2H,S0* )

r2Mn,S0* Sulphate of manganese.

H,C*ff0l =
\ H,C'H^O Aldehyd.

. 2MnO J i2H,H0 Water.

The product so obtained is impure. It must be three times distilled

from chloride of calcium. It is then mixed with ether, and saturated

with dry ammonia. The product cooled artificially yields crystals of

Aldehyd-ammonium = NH*,C^H^O. This compound, distilled with oil

of vitriol, yields aldehyd. The process demands many precautions.

Aldehyd is a very volatile inflammable liquid, which boils at 70^ F.

It mixes with water, alcohol, and ether. It has a pungent irritating

odour. It is not acid to litmus, but rapidly becomes acid when exposed
to air. It has a striking action upon salts of silver, which it reduces so

readily that the surface of the glass tube in which the mixed solutions

are boiled becomes coated with a brilliant silver mirror. The solutions

should have a slight excess of ammonia when boiled. At the same

time, aldehydate of silver is formed.

!3(H,N0^)

Nitric acid.

NH*,NO^ Nitrate of ammonium.

2Ag Reduced silver.

Aldehyd can probably form a variety of salts by exchanging its basic

hydrogen for other basic radicals. Besides the salt of ammonium

already referred to, a potash salt can be formed by placing metallic

potassium in contact with aldehyd. Hydrogen is disengaged, and a

salt is formed which dissolves in water and shows alcaline reactions:—
Aldehyd H,C'HPO) _ jK,C«ffO Aldehyd-potassium.

+ K I
-

t + H.

When aldehyd is transmitted over a mixture of lime and hydrate of

potash, contained in a heated tube, hydrogen gas is driven off, and

acetate of potash is produced :
—
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Aldehyd H,C^H='0) _ jK,C^ff02 Acetate of potash.

K, HO
j

~
1
H + H.

Chloral. TricMoraldehyd.

Formula, H,C*CPO; Equivalent, 147*5; Specific gravity of gas,

73*75; Atomic measure, 2 volumes; Specific gravity of liquid, i '5;

Systematic Name, Hydra chlorinic-acetylate.

In this compound, the radical acetyl (JW is converted by the sub-

stitution of chlorine for hydrogen into the vice-radical chlorinic-acetyl
C*CP. In other respects chloral resembles aldehyd. I give this salt as

an example of a great range of organic compounds in which the hydro-
carbons are changed by the replacement of hydrogen by chlorine, bro-

mine, or iodine, into a new class of compound radicals. See page 413.
Chloral is produced by the action of 8 equivalents of dry chlorine gas

transmitted slowly into i equivalent of anhydrous alcohol. The pro-
ducts are chloral and hydrochloric acid :

—
H,C^H^ -f Cl« = H,C'CFO + 5HCI.

It is a colourless oil of a penetrating odour, which produces a flow

of tears. It boils at 201°. Soluble in water, alcohol, and ether.

A solution of potash converts chloral into formiate of potash and
"chloroform :

—
H,C^CFO) _ fH,CCP Chloroform.

K,HO j (K,CHO* Formiate of potash.

In this decomposition, a radical equivalent to acetyl, C*H^ is split up,
while two other radicals are formed, CH, which is formyl, and CCP,
which is equivalent to methyl.

Acetone, CH^C^H30. See page 42 1 .

Aldehydic Acid. Lampic Acid.—The com}X)sition of lampic acid is

HC^ffO + H,e'H^\
or it is a compound of aldehyd and acetic acid. It is the chief product
of the following experiments.
A Wire which instantly becomes red-hot when placed in contact with a

Vapour.
—Let a hw drops of ether be thrown into a cold glass, or a

few drops of alcohol into a warm one
; let a few coils of platinum wire,

of the 60th or 70th part of an inch in thickness, be heated to redness

by a spirit-lamp, and w^hen it has ceased to be red-hot, let it be held in

the glass over the ether: in some parts of the glass it will become

glowing, almost white-hot, and will continue so, as long as a sufficient

quantity of vapour and air remain in the glass.

Lamp without Ilanie.—Take platinum wire, about the looth of an

inch in thickness. Coil it up, and stick the coil loosely on the wick of

a spirit-lamp. The cotton of the lamp njust be very straight, and not
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pressed by the wire. There should be about i6 spiral turns, one half

of which should surround the wick, and the rest rise above it. Having
lighted the lamp for an instant, on blowing it

out, the wire will become brightly ignited, and
will continue to glow as long as any alcohol

remains.

Another Kind.—Put sulphuric ether into a

glass spirit-lamp, and put into the wick-holder

the burner figured in the margin. This consists

of a cotton wick, c, in the centre of which is a

narrow glass tube, 5, to which is fastened a ball

of spongy platinum, a, such as is represented by
fig. 196 at page 204. If the cotton is lighted for a few minutes,
and the flame then blown out, the platinum continues red-hot for hours.

The combustion of alcohol or ether by this method produces an acid

vapour termed lampic acid, or aldehydic acid. This can be collected by
placing the head of an alembic over the lamp. If a glass capsule con-

taining Eau de Cologne is suspended over the lamp, the perfume will be

volatilised by the heat of the ball of platinum.

Aldehydic acid has two replaceable atoms of hydrogen, and is there-

fore bibasic, consisting of an acetate combined with an aldehyd salt.

The production of aldehydate of silver has just been described. If the

solution of that salt is filtered, and boiled with hydrate of barytes, it

again deposits metallic silver, and the solution then contains neutral

acetate of barytes, and neither aldehyd nor aldehydic acid :
—

ui u 1 . c '^ fAg,C*H^O ] |Ba,C*H^O«) * . . ^ 1 .
Aldehydate of silver < a „ r^Rso*-^ R C^U^cA ^^^^^ ^^ barytes.

Br,'HO =]Ag-fAg
Ba,HO I |H,H0.

. Acetonk Acid.—This acid is commonly said to be bibasic, having the

formula Zn^C^H'^0^ But this formula may be reduced to Zn,C'H'0^
and the salts are perhaps acid aldehydates, H,C^H'0-f-Zn,C^H^O^.
Acetonic acid is produced by heating a mixture of acetone, hydrochloric

acid, hydrocyanic acid, and water :
—

CH^C?'ffO-^-HCll _ |H,C^ffO-fH,C*IPO« Acetonic acid.

+H,CN-f-HH0,HH01-[NH\Cl Chloride of ammo-
nium.

Acetic Oxychloi^e. CI,C*H^O.—Compounds of this form are pro-
duced by most of the lower members of the vinyl series of acid radicals,

They are very volatile compounds, and each in the state of gas has an

atomic measure of two volumes. They are prepared by acting on the

hydrated acids with terchloride of phosphorus.
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H,C*HW fCl,C^H^O + Cl,C*ffO

HHO + PCPj (HCl.

The manipulation is attended with danger to the health of the operator.
The compounds are interesting, as having led to the discovery of many
of the anhydrides.

With water the oxychlorides suffer sudden and violent decompo-
sition, producing hydrated acid and free hydrochloric acid :

—

H,HO j

~
iH,Cl.

Acdamid. NH*,C^H'0.—Acetamid bears to acetate of ammonia,
NH*,C*H^O^, the same reaction that oxamid bears to oxalate of ammo-
nia. See page 378. It is prepared by decomposing acetate of ethyl

by aqueous solution of ammonia under pressure, at 250° F.

Acetate of ethyl, (7H^C^H^0^| rNH«,C«H«0 Acetamid
Ammonia hydrate NHS HO I =

{ H,C*ffO Alcohol

J I H,HO Water.

A white, fusible, soluble, crystallisable solid. When boiled with a

hydrated alcali, it yields an acetate and free ammonia ;
—

^^''S?A^l - J K, C^H«0*

HHO I

~
l^'H^HO = NH*H + HHO.

Formic Acid.

Formula, H,CHO* = Hydra formylete ; Equivalent, 46 ; Atomic
measure in the gaseous state, 2 volumes; Specific gravity of gas, 23;
Specific gravity of the liquid acid, i

* 22.

This acid was first extracted from the poison of the red ant, For-
mica rufa, whence its name. It is also present in the leaves of the

stinging-nettle. It can, however, be produced artificially, and it derives

importance from its activity and frequency of occurrence and from its

containing the simplest of all the compound acid radicals CH =
foi^myl.

Preparation.
—From substances belonging to the Vinylate groifp,

page 384, such as sugar, starch, chaff, bran, sawdust, &c. Mix i part
of starch, 4 of peroxide of manganese, and 4 of water. Then add

gradually 4 parts of sulphuric acid, upon which there occurs an abundant
extrication of carbonic acid gas, which causes the mixture to froth up to

8 or 10 times its original bulk. You must therefore use a very capa-
cious retort. When the frothing ceases, the mixture is to be heated,
under an arrangement for distillation. There passes over an impure
dilute formic acid. That is to* be neutralised by dry carbonate of lead,

and the resulting formiate of lead is to be purified by crystallisation.
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After which, if distilled with an equivalent of sulphuric acid, sulphate
of lead is formed, and formic acid distils over.

Theory.
—In order to understand how the formic acid is produced in

this case, it is necessary to remember that the action of sulphuric acid

upon peroxide of manganese is to set free oxygen gas. See page 163.
This oxygen gas acts in the nascent state, upon organic substances of

the formula C' + nCWO. At first the odd atom of carbon goes off as

CO^, and after that probably some of the vinylate is converted into CO*
and HHO, since

CH«0 + 00 = CO* + HHO.

So much is waste ; but, at the same time, some of the vinylate is con-

verted into formic acid, by taking up another quantity of oxygen ; for

CH*0 -{- O = H,CHO^. In this operation we have an example of the

reduction of a natural radical from CH* to CH; but it is possible,

though not economical, to produce formic acid by actually constructing
the radical formyl by an experimental process.

a). If moistened hydrate of potash is exposed for some time to car-

bonic oxide gas at the temperature of 212° F., the gas is slowly

absorbed, and formiate of potash is produced :
—

KHO + CO = K,CHO«.

6). The distillation of oxalic acid with sand produces formic acid and
carbonic acid :

—
HCO^ + HCO^ = H,CHO* -f C0^

Properties of Foi^c Acid.—When concentrated, it is a fuming
liquid, of an irritating odour; very corrosive; makes painful blisters

and sores if dropped upon the skin. Crystallises under 32° F. Boils

at 222°. The vapour is combustible. The dilute solution is very
acid.

Formiates.—Formic acid forms neuti'al salts by exchanging its hydro-

gen for basic radicals H,CHO^ + NaHO = Na,CHO^ + HHO. The
salts of Na, Ba, Pb, Cue are easily crystallisable.

Decompositions.
— Formic acid is a powerful reducing agent, and

throws down the metals from solutions of Ag, Hgc, Auc, and Pt, dis-

engaging carbonic acid ;
—

Ag,NO' -f Ag,NOM _ J
HNO* + HNO^

-I- H,CHO^(
-

t -f Ag,Ag, + CO^

Chlorine converts formic acid into hydrochloric and carbonic acids :
—

H,CHO^ -f C1,C1 = HC1,HC1 + C0\

Sulphuric acid decomposes it into water and carbonic oxide :
—•

H,CHO^ = CO + HHO.
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Lactic Acid.

Formula, H,C^H^O' = Hydra lactylite ; Equivalent, 90.

Preparatwn.
—Lactic acid is formed when milk turns sour in warm

weather. The effect may be imitated by causing milk to ferment by
artificial means

; also by causing a peculiar species of fermentation, dif-

ferent from the vinous fermentation, to take place in solutions of sugar.
Lactic acid is formed in sauer-kraut, and in cucumbers and beans

pickled with salt
;
also during the manufacture of wheat-starch, and on

many occasions where vegetable and animal substances undergo acidi-

fication. It is important to observe, that there exist several organic
acids which have radicals that agree with the formula C^W. It is

uncertain whether these radicals are the same or different. The fol-

lowing list shows that this is a subject which demands inquiry :
—

H ,C^H^O' = Lactic acid.

H ,C^H*0^ = Propionic acid.

H ,C«ffO^ = Allvlic acid.

H^C»H•^0^ =
Glycerine.

Preparation of Lactic Acid.—Dissolve 8 parts of cane sugar in 50
parts of water ; add to the solution i part of casein or poor cheese, and

3 parts of chalk. Set the mixture aside for two or three weeks, at the

temperature of about 80° F. It will then be gradually filled with

crystals of lactate of lime, which may be purified by re-ciystallisation.

The purified crystals are to be acted on by one-third of their weight of

sulphuric acid, which produces sulphate of lime and lactic acid. The

latter is soluble in alcohol, and can be separated by that reagent from the

sulphate of lime.

Theory.
—As the constitution of lactic acid is equal to thrice the

constitution of sugar, it is easy to see the possibility of the transmutation

which occurs, though not to comprehend exactly how it is effected :
—

3Cff-^0
= H,C^ffO^

The lime acts by substituting calcium for the basic hydrogen :
—

H,C^H'0^ + CaHO = Ca,C^ffO' + HHO.

The production of the hydrated acid from the lime salt by the action of

sulphuric acid is simply a case of double decomposition :
—

Ca,(7ff0^ -f. HSO* = CaSO* + H,C^H*0^

Properties.
—A transparent, colourless, inodorous, uncrystall isable,

syrupy liquor of sp. gr. i
*
2 1 . It has a sharp acid taste, is soluble in
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ether and alcohol. Not volatile without alteration in properties and

constitution.

Lactates.—Lactic acid forms both neutral and acid salts, such as

Ca,C^ffO^ and Ca,eH-^0^ + H,C^H'*0^ ;

also, basic salts, such as Cuc,C^H'0' + Cuc^effO* = Cuc^(C'ffyO^
This last salt is equivalent in structure to the bibasic phos])hates. See

page 425.
Lactic Anhydride.

—When heated for a long time at 266° F., lactic

acid produces its anhydride :
—

T ,.
. , I H,C^ff0') _ ( Q^W^C^WO' Lactic anhydride,i^actic acicl

|jj,C^H^O^|
"

\ HHO.

Lactide.—When lactic acid is heated to 500° F., it produces lactide,

citraconic acid, aldehyd, and other products of decomposition
—carbonic

acid, &c. The relation of lactide to lactic acid is shown in the following

equation :
—
T

.. ..jH,C^ffO«) _ jC«ff,C^H»0*
= Lactide.

i^actic

acia|jj^^3jjsQ3|
-

Jjjjjq _^ jjjjq = Water.

According to this view, lactide is a salt of lactic acid, having an acid

radical C^H^ acting as a basic radical, and therefore requiring O* instead

of O^. The acid radical C^ff is that which I have described at page

406, as a constituent of citraconic acid, which is also produced in the

operation which produces lactide. The composition of citraconic acid is

H,C«H^O* + H,C*HO^

The composition of aldehyd, also one of the products of this experi-

ment, is H,C^H^O. Consequently, the decomposition of lactic acid

produces in one operation no less than three other radicals, C^H', C*H',
C«ff.

Lactamid.—Lactide readily absorbs ammonia, and produces lacta-

mid:—
C^ff,C«ffO* 1 _ JNH^C^H'On ^ ^

.,

NH*,H + NH^Hf
~

|NH*,C»ffO j

^^'^^^"^''^•

In the product of this operation we have a compound which consists

of normal lactate of ammonium in combination with an amidogen salt

oftheacidH,C^H«0^
"

Alanine.-^ThQ compound so called seems to be the amidogen salt

derived from lactate of ammonia. Its composition is KH*,C^H*0*.
When it is treated with nitrous acid, lactic acid is formed and nitrogen

NH«,C^H*On fH,C^H'0»

NNO«J [hHO + ^\
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Butyric Acid. -

Formula, H,C^H=^0' = Hydra butyrylete ; Equivalent, 88
;
Atmnic

measure in the gaseous state, 2 volumes ; Specific gravity of gas, 44 ;

Specific gravity of liquid at 32 F. '99.

Preparation.
—

Prepare lactate of lime, as described at page 450.
Then add water to supply the loss occasioned by evaporation, and raise

the heat to 90° F. The lactate of lime will disappear, the mixture

will become liquid, and butyrate of lime will be formed. The mass is

filtered warm through a cloth. The butyrate of lime crystallises when
the solution cools. This salt is dissolved in water, and treated with

carbonate of soda, which produces soluble butyrate of soda and insoluble

carbonate of lime. The solution of butyrate of soda is mixed with an

excess of diluted sulphuric acid, upon which the greater part of the

butyric acid rises to the surface of the liquor in the state of an oil.

Properties.
—

Hydrated butyric acid is a colourless liquid, which vola-

tilises at mean temperature with a strong odour of rancid
,
butter. It

has a sharp acrid taste. It is soluble in water, ether, and alcohol. At
about 320° it distils unchanged.

Butyrates.
—This acid is monobasic, and the salts agree with the for-

mula of the acid given above. The chief metallic salts are those with

Ba, Ca, Zn, Pb, Hg, and Ag.
Butyric Anhydride.

—When the butyrate of soda is distilled with

chloride of benzoyle, the butyric anhydride is produced. This is a

colourless, very mobile liquor, having the odour of the pine-apple. Its

formula is C*H^,C*H'0^. It forms a gas, having the specific gravity of

79, and an atomic measure of 2 volumes. When exposed to moist air,

it acquires the rancid odour of the hydrated acid, to which state it

returns.

Glycyllate of Butyryl.
—The radical of butyric acid combines in thre

proportions with glycerine to produce the following salts :
—

H,H,C*H^ ;
C^H'O* Monobutyrin.

H,C*H7,C^H'' ; C^H^O'* Bibutvrin.

eH7,C^H7,C^H^ C^WO' Terbutyrin.

These compounds, mixed with various tasteless and inodorous fats, «»
stitute butter.

Butyric Ether, Cff,C'H^O^—This is a butyrate in which ethyl i

the basic radical. It is a fragrant ether, and seems to form the chif

part of the flavouring matter of the pine-apple, melon, strawbeiTj'-, an

other fruits. The presence of a little of this ether gives to rum tb

flavour known as that of pine-apple rum.

Butyramid. NFP,C^H^O.—Produced when butyric ether is heate

in close vessels with ammonia. Thus :
—
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Butyric ether + Ammonia = Butyramid + Alcohol.

Soluble, volatile, fusible.

Valerianic Acid.

Formula, H,C^H®0^ = Hydra valerylete ; Equivalent, 102
; Atomic

measure in the state of gas, 2 volumes; Specific gravity of gas, 51 ;

Specific gravity of liquid, 0.937.

The radical valeryl occurs, in some state of combination, in the root

of the plant valerian, in the berries of the guelder-rose, and in some

descriptions of train oil. It occurs among the products of the oxidation

of fat oils and other organic substances.

Preparation.
—Distil fusel oil (amylic alcohol = H,C^H"0) with a

mixture of dilute sulphuric acid and bichromate of potash. Valerianic

acid mixed with valerianate of amyl passes over, and the latter can be

decomposed by caustic potash into valerianate of potash and fusel oil.

The valerianate of potash, when distilled with sulphuric acid, furnishes

pure hydraled valerianic acid.

Theory.
—These operations are rather complex, and require elucida-

tion. The mixture of sulphuric acid and bichromate of potash gives off"

oxygen, which acts upon the fiisel oil :
—

H,C^H^'0 + H,C^H"0 1 _ ((?H'^C^H^O^ Valerianate of amyl.
H,C^H"0 + 0^ \

-
\ll,G'WO\ Valerianic acid.

IHHO 4- HHO.
Two atoms of amyl C^H", lose each H*, and become valeryl C^H^ The

oxygen serves, in the first place, to carry off' the displaced hydrogen,
and, in the second place, to convert the aldehyd of valeryl into vale-

rianic acid. The decomposition of valerianate of amyl by caustic potash

may be represented thus :
—

CH'S^H-O* + KHO = K,C^H^02 + H.C^H^'O.
i Valerianate of amyl -|- Potash = Valerianate of potash -f- Fusel oil.

Properties of Valerianic Acid.—A limpid colourless oil, having a

powerful odour of valerian root' and a burning taste. Partially soluble

n water
;
soluble in alcohol and ether. Boils at 347°, and produces a

^as of spec. grav. 51.
Valerianates.—The salts have a fatty aspect. They are soluble, and

aave a sweetish taste. When dry, without odour. If warmed with

sulphuric acid, they produce the peculiar odour of valerianic acid.

Valerk Anhydride, C^H^C^H^O^—A colourless mobile oil, having
:he agreeable odour of apples. It gives a gas, having an atomic measure
)f two volumes. Alcalies with water convert it into hydrated valeri-

laic acid.
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Valerianate of Ethyl, C*H^C'H'0^—Valerianic ether. Fragrant, re-

sembles the odour of some fruits.

Valerianate of Amyl, C^H",C^H^O^.—A fragrant ether, possessing
the peculiar flavour of apples, particularly of rennets.

Valeramid, NH^,C^H^O.—Forms large crystals. Prepared by the

action of ammonia on valerianate of ethyl :
—

Valerianic ether -{- Ammonia = Valeramid + Alcohol.

ON FATS, OILS, AND SOAPS.

Fats and oils are produced in abundance both by plants and anima

The suet, or hard fat of mutton, the softer fat of beef, and the lard, or

very soft fat of pork and goose, are known to all. The fats and oils of

plants are chiefly found in the seeds. Those of the cruciferce yield a

large quantity of oil, especially rapeseed and linseed. The fruit of the

olive, and that of the palm-oil fruit, also give oil in abundance.

When these fats and oils are separated from albuminous matters,

they are found to consist of a variety of substances in apparent mixture.

Among these substances, three occur so frequently, and in such large

quantities in proportion to the others, that they require prominent
notice. These three substances are stearin, margarin, and olein. Stearin

is the chief part of suet, and is solid at mean temperature. Olein is the

chief substance in oils that are liquid at mean temperature. Margarin
is also solid at mean temperature, but less hard than stearin. It is dis-

tinguished by a pearly aspect. When these substances are mixed

together, the fat is hard or soft according as stearin or olein pre-

dominates.

The general nature of these fats has been explained in the article on

the Glycerides at page 428. They are all salts of glycyllic acid,

HHHjC^H^O'"* ; and, according to circumstances, each salt contains one,

two, or three atoms of the radical peculiar to it, and there are, conse-

quently, three varieties of each kind of fat, as,

Monostearin, bistearin, terstearin.

Monolein, biolein, terolein, &c.

And as a considerable number of fatty radicals are known, a considerablt

number of fats must necessarily spring from them. See page 429.
The fats and oils are lighter than water. They are soluble in ether

and to some extent in alcohol
;
so are they also in oil of turpentine an*

in benzole, and they mix with one another in all proportions. The;

make a semi transparent stain upon paper. They may be heated t

about 500° F. without much change, but they cannot be distilled witl

out undergoing decomposition. At 500° F. they give ofl:' ofiensiv



FATS, OILS, AND SOAPS. 455

va])ours, and at 600^ F. they decompose and evolve gaseous hydro-

carbons and a variety of solid and liquid fatty acids, each of which con-

tains a radical peculiar to itself.

When the glycerides, or fats, are decomposed, and the glycerine, or

glycyllic acid, is separated, the fatty radicals individually produce
monobasic hydrated acids. Thus :

—
Stearyl

= C'^H^ produces H,C^«ff^O^ = Stearic acid.

Palmityl = C'W „ H,C^«H^^O^ = Palmitic acid.

Oleyl = C'^'ff^ „ H,C'«H*'0* = Oleic acid.

These acids can in all cases exchange their basic hydrogen for metallic

radicals, and so produce neutral salts. These salts are the substances

which are commonly called Soaps, and which, when the basic radicals

are potassium or sodium, are salts that are soluble in water. I have

explained at page 430 the manner in which glycerine can be separated
from the fats by means of caustic alcali, which serves to bring the fatty

radicals into the condition of acids.

The fatty acids can be separated from the alcaline metals as follows :

—Dissolve the soap in water, and add hydrochloric acid. This con-

verts the metal into a soluble chloride, and supplies basic hydrogen to

the fatty acid :
—

Stearate of potash K,C*«H^O' _ K,C1 Chloride of potassium.

Hydrochloric acid H,C1
~
U^O^WO'^ Stearic acid.

Unctuous flocculi appear in the liquor. If heat is applied, these

flocculi melt and produce a layer of oil on the surface of the water.

When cold, this substance is found to have properties that difler from

those of the original fat, the stearin. The tat is crystalline and soluble

in alcohol. Its solution reddens litmus. It; also dissolves readily and

completely in a hot solution of caustic alcali, the liquor, of course, being
a solution of soap.

The fatty radicals can, therefore, act as acid radicals against hydrogen
or metals, forming neutral salts with two atoms of oxygen ; and they
can act as basic radicals, one, two, or three equivalents at once, against
the terbasic glycyllic acid or glycerine, provided that each radical thus

acting as a basic radical is provided, according to the general rule set

forth at page 296, with one additional atom of oxygen.

Glycerine, therefore, is the governing principle of the neutral fats,

whether natural or artificial, HHH ;
C^ffO^. Its three atoms of basic

hydrogen HHH are separately or collectively replaceable by any of the

Tatty radicals if aided by additional oxidation. These fatty radicals can

.n their turn be displaced from glycerine by other atoms of hydrogen,
-he terbasic glycyllic acid being restored to its acid condition, and the

atty radicals being simultaneously converted into hydrated acids. The
brmulae quoted in the article on the Glycerides, pages 428 to 430,
'xhibit these transmutations with satisfactory clearness.
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Special Oils and Fats.

Olive Oil.—Expressed from ripe olives. Its solid ingredient is mar-

garin. Sp. gr. '918. Almond Oil.—From almonds. Sp. gr. '91 8.

Colza Oil.—From the seeds of the brassica oleifera. Sp. gr. '913.
It becomes nearly solid at 22° F.

Linseed Oil.—From linseed. Sp. gr. '939. It has powerful drying

properties, and is for that reason an important ingredient in inks, paints,

and varnishes.

Sperm Oil.—The liquid part of the fat of the spermaceti w^hale.

Sp. gr. '868. It consists of margarin and olein, but owes its odour to a

volatile acid, which resembles valerianic acid. Common Whale Oil has

the sp. gr. '927, and a darker colour and worse odour than sperm oil.

Cod-liver Oil.— Extracted from the liver of the common cod fish.

Sp. gr. '928. Taste and odour fishy. Its composition is more complex
than that of the other fish oils. It contains acetin, and some compounds
of iodine, bromine, and phosphonis. It is extensively employed as a

medicine.

Castor Oil.—From the seeds of the Ricinus communis. Sp. gr. '969.

Differs from other fixed oils by being soluble in alcohol. It yields

oleic acid, and, when distilled, a number of other substances, such as

oenanthylic acid and oenanthylic aldehyd. Distilled with potash, it

produces octylic alcohol, H,C^H'*0.

The Solid Fats.

The solid fats derived from plants are cocoa-nut oil, nutmeg butt©

and palm oil. Those from animals are butter, suet, lard, spermaceti,

and beeswax.

Cocoa-nut Oil.—Used for making candles and for marine soap. A
complex fat, which, on saponification, yields at least six of the acids

named between the Caproic, No. 36, and the Palmitic, No. 46, in the

list of Vinic Acids, page 402.
Palm Oil.—From the pulp of the ripe fruit of the Elais guineensis.

It has a golden yellow colour, and, when not rancid, an odour ri

sembling that of violets. The sohd portion consists of palmitin, whic;

yields palmitic acid, No. 46. It speedily turns rancid, owing to decom-

position, produced by azotised bodies extracted from the fmit in com-

pany with the oil. The yellow colour can be destroyed by the oxidising

action of chromic acid, applied in the state of a mixture of sulphuric

acid and bichromate of potash. Twenty thousand tons of palm oil an

imported annually, chiefly for conversion into candles and soap.

Butter consists of several fats, of which palmitin is the chief. I

contains more or less olein, according to its hardness, and its flavourins

constituents are butyrin, caproin, and caprylin. When these fats ar'

I
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saponified, they produce all the following acids :
—

Glycyllic acid or gly-

cerine, and palmitic, oleic, butyric, caproic, and caprylic acids.

Tlie knowledge of these facts gives rise to a curious speculation. It

rnav hereafter happen to be possible for chemists to prepare the butyric
and other volatile acids of the lower order of the vinyl series from cheap
materials

;
and as it is possible to procure palmitin and olein from abun-

dant sources, such as palm oil and olive oil, it would become a question

whether, by mixing these ingredients in suitable proportions, we could

not manufacture artificial butter. This does not appear to be more

improbable tban the manufacture of artificial sugar from starch or linen

rags, wiiich has been accomplished, though not for economical ])ur[)oses.

Lard.—The soft fat of pigs, in which olein is more abundant than

margarin and stearin. Suet.—The solid part is principally stearin.

When melted it is called tallow.

Spermaceti.—Foi^mtda, C''H**,C''H»'0* = Cetyla palmitylete. The

palmitate of cetyl. Cetin. Pure spermaceti.

Spermaceti is a solid fat, extracted from the brain of the spermaceti

whale, in which it is accompanied by liquid sperm oil. It differs from

common fats in containing no glycerine. When saponified, it yields a

base that has been called Ethal. This saponification is simply a case

of double decomposition :
—

C'«H^,C'«H*'0* ) _ jK,C^«H^'0»
=

a).
K ,H0 [

~
lH,C'«ff^O =

b).

The substance a) is the palmitate of potash. The substance h) is ethal,

an alcohol of the base cetyl. See No. 1 6 of the Basic Radicals, page 401 .

Spermaceti fuses at 120° F., and solidifies to a silky translucent fat

of delicate whiteness. Sp. gr. '94. Insoluble in cold alcohol of sp. gr.

•816. Soluble in hot absolute alcohol and in hot ether. Crystallises
when the solution cools.

Beeswax.— Beeswax contains, or at least yields, under the gentle

compulsion of chemical decomposition, a variety of compounds, which
are composed of the higher radicals of the two vinyl groups, such as—

Cerotic acid, Cerin H ,C^'H"0* Hydra cerotylete.

Cerylic alcohol, Cerotin H ,C'^H"0 Hydra cervlate.

Chinese wax C^^H",C^'H^^O^ Ceryla cerotylete.
Cerene H ,C^ff^ Hydra ceroty la.

Melissin, Melissic alcohol H ,C^'H^'0 Hydra myricylate.
Melissic acid H ,C'm^'0* Hydra melissylete.
Palmitic acid H ,C'«H="0« Hvdra palmitvlete.

Myricin C«'H",C'«H^'0'^ Myricyla palmitylete.
Melene H ,C«'H^^O Hydra melissylate.

I have added in the last column the names that are supplied to these

complex compounds by the systematic nomenclature explained in this

work.

2h
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1 pass over the description of these compounds and the methods of

procuring them from beeswax. Particulars will be found in papers by
Professor Brodie, printed in the "

Philosophical Transactions
"

for

1S48-1849.
Soap-making.—If water and oils or melted fats are mixed together,

they do not combine to form a compound, but spontaneously separate
when left at rest. But if a solution of caustic soda is shaken with the

mixture, the whole combine together, and produce a white mixture,

which is a species of soap. If more soda is added, and the mixture is

boiled for some hours, it becomes transparent, and shows all the charac-

ters of a strong solution of soap. If this clear liquor is mixed with a

strong solution of common salt, a curdling is produced, and the mixture

exhibits a clear solution, and a solid granular substance, wdiich rises to

its surface. The clear solution contains common salt and the glycerine
or glycyllic acid, which has been separated from the fat by the soda.

The solid matter, if drained, pressed together, and dried, is Soap.
These experiments are fully explained by the preceding details, and

by the theory of the Glycerides, inserted at page 428. The fats, which

do not dissolve in water, are glycerides. They are decomposed by
caustic alcali (see page 430) ; glycerine is separated, and salts of soda,

with the fatty acids derived from stearin, pcxlmitin, margarin, olein, &c.,

are formed in the solution. These .soda salts are soaps, which are

soluble in water, but not soluble in a strong solution of common salt, in

consequence of which the addition of brine to a solution of soap causes

it to separate in the solid form.

Vai^ties of Soap.
—Hard soaps contain soda; soft soaps contain

potash. Soaps which contain lime or other earths are insoluble in

water. Hence the addition of soap to water which contains bicarbonate

of- lime produces a curdling, which curdling is caused by the insoluble

salt formed by lime with the fatty acid :
—

Stearateofsoda = Na ,C'«H^^OM (Ca,e«H^O«
Stearate of f

> = < lime.

Bicarbonate of hme = CaH,CO^ J [NaH.CO^ Bicarbonate of

soda.

The fatty materials commonly used for hard soaps are tallow, palm

oil, kitchen stufl', and rosin ; and for soft soaps, fish oils and hempseed
oil. Yellow soap is made from rosin, tallow, and palm oil. Mottled

soap from tallowy palm oil, and kitchen stuff. Curd soap from tallow.

Candle-making.—The pure fatty acids are, at mean temperature,

whiter, harder, more cleanly, and more suitable for combustion than tht

various glycerides from which they are derived. Consequently, the bef

sort of candles, improperly called stearin candles, do not consist

stearin, but of the stearic acid, procured from stearin by a process

saponification. In the manufacture of candles there are to be considere(
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the kinds of fat, and the conversion of these from the state of glycerides
into the state of fatty acids. The best processes for the reduction of

the glycerides are these:— i. Saponification by means of lime. 2, By
the action of oil of vitriol. 3.

The separation of fats into glycerine and

fatty acids by w^ater applied under pressure at high temperatures. I

cannot enter into details on these subjects.

Stearic Acid.

Formula, H,C'^HfO^ = Hydra stearylete; Equivalent, 284.

Preparation.
—

Saponify mutton suet with caustic soda, and decom-

pose the hot solution of the soap with tartaric acid. Press the solid 'fat

between hot plates, which squeezes out a quantity of oleic acid. The
solid residue is to be dissolved and crystallised from alcohol several

times, and afterwards from ether, until the fusing point of the acid is

1 59°. The solution in ether, on cooling, deposits crystalline plates.

When fused, it forms a colourless, fcisteless, inodorous oil, which, on

cooling, forms a white crystalline mass. It is insoluble in water, but

soluble in hot alcohol, and the solution reddens litmus.

Stearates.—Stearate of soda, Na,C'^H^^O^ is the basis of ordinary-
hard soap. It is soluble in water, but not in brine, and advantage is

taken of this property to separate soda soap from glycerine. The
stearates of the earths are insoluble.

When stearic acid is boiled for some days with nitric acid, it pro-
duces—

Suberic acid = H,C^H«0^
Succinic acid = H,C*H^O».

The former used to be the acid of cork, and the latter the acid of amber,

having been originally procured from those substances. It was little

anticipated at that time that both these acids could be easily procured
from tallow.

Margaric Acid.

Formula, H,C"'H^O* = Hydra margarylete; Equivalent, 270.

The existence of this acid has been denied by Heintz, who considers

it to be a mixture of stearic and palmitic acids. But the series of acid

radicals, Group B, page 402, shows the probable existence of the radical

C'^H^; and as we know a process (see page 460) by which oleic acid,

H,C'«H*^0*, can be converted into palmitic acid, H,C''H''0*, it is easy
to conceive how it may be possible to convert margaric acid experi-

mentally into stearic and palmitic acid, although those two acids may
not exist ready-formed in the margaric acid :

—
Maraaric acid 2 atoms ^^'^'^H-O^ _ H,C'«H-0« Stearic acid.
Margaric acid, 2 atoms.

h,C'7H^0^
"

H.^^H'^O* Palmitic acid.

2 h2
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Preparation of Margaric Acid.—Dissolve Marseilles, or olive-oil soap,
in boiling water, and add a solution of chloride of calcium. A pre-

cipitate is formed, which is to be dried, pulverised, and digested in cold

ether. What dissolves in the cold ether is oleate of lime. What
remains undissolved is margarate of lime. Decompose this margarate

by boiling it with hydrochloric acid :
—

Ca,C"'H''0' _ CaCl Chloride of calcium.

HCl
~

H,C'^ff^O^ Margaric acid.

The margaric acid appears in the hot acid liquor as an oil. It is to be

thoroughly washed and crystallised from alcohol. When purified, it is

a white solid, which fuses at 140° F. It has distinct acid properties,
and forms neutral salts or perfect soaps with potash and soda. These

salts crystallise in pearly scales. Margarine, or the glyceride of mar-

gary], occurs in mixture with olein, in the soft fats, such as goose fat,

butter, &c.

Palmitic Acid.

Formula, H,C*^ff'0^ = Hydra palmitylete; Equivalent, 256.

Palmitic acid is prepared by saponification from palm oil, in which it

exists in the condition of palmitin. When palm oil has been long kept,

it undergoes spontaneous decomposition ;
and in that case the solid

portion, or palmitin, is accompanied by a large quantity of free palmitic

acid, H,C'^H^'0^, while the liquid portion, or oil, contains a considerable

proportion of uncombined glycerine, HHH,C^H*0^ Palmitic acid can

also be procured from spermaceti, human fat, the solid part of olive oil,

and from margarin and olein. AVhen oleic acid is fused with caustic

potash, the decomposition takes place as follows :
—

Oleic acid H,C'«ff='0* ]
fK.C^^H^'O* Palmitate of potash.

^^ , jKHO 1 = {K,C^H^0' Acetate of potash.
Fotasti

|j.jjQ j [h + H Hydrogen.

Palmitic acid, when purified by crystallisation from alcohol, is'j

tasteless white fat, fusible at 144'^, and volatile without decomposition
The neutral palmitates of the alcalies are soluble in hot water, w^hicl

produces a jelly on cooling. They can be crystallised from a solutioi

in boiling alcohol.

Oleic Acid.

Formula, H,C'«ff'0' = Hydra oleylete; Equivalent, 282.

Preparation.
—The preceding details show that oleic acid can readil

be procured in large quantities ;
but as it has a great tendency to con

bine with oxygen, it is rather difficult to obtain it pure. The be^

process is as follow^s :
—

Saponify almond oil by potash ; decompose wit

an acid. Digest the mixed fatty acids thus set free with half the

-I

I
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weight of oxide of lead." This produces mixed salts of lead. Digest in

ether, wliich dissolves the acid oleate of lead, and leaves the margarate
and stearate of lead undissolved. The clear solution of oleate of lead in

ether is mixed with hydrochloric acid, which precipitates chloride of

lead, and leaves oleic acid in solution. The ether is distilled off, and

the free acid remains. It is impure and of a brown colour. Expose it

to cold, upon which the pure acid crystallises, and is to be freed from

the liquid impurities by pressure. If that purification is not sufficient,

the oleic acid can be converted by barytic water into oleate of barytes,
which is to be purified by solution in alcohol, and the purified salt is to

be decomposed by sulphuric acid.

Pure oleic acid is a liquid at above 57° F. Colourless, inodorous,

tasteless, and without action on litmus ;
but in the air it rapidly absorbs

oxygen, turns brown, acquires a rancid odour, and reddens litmus,

showing the commencement of decomposition. When liquid, it does

not solidify till cooled to 40° ;
when solid, it does not melt till heated

to 57°. When heated strongly, it is decomposed, not being capable
of distillation unchanged. Among the products of its decomposition

by distillation are several acids of Group B, especially the acetic, caproic,
and caprylic acids, but the chief product is sebacic acid. No. 65,

Group C. A large quantity of hydrocarbons in the state of gas is also

given off.

Oleates.—The oleates have the character of soaps or of plasters,

according as they are soluble or insoluble in water. Oleate of potash is

1 a soft soap, forming the chief ingredient in Naples soap. Oleate of

soda is a hard soap, and forms a part of Marseilles soap.

Impure oleic acid is the oily liquid that is expressed from masses of

stearic or other solid fatty acids after saponification by lime in the process
of candle-making.

^ Metamorphoses of the Radicals of the Fatty Acids hy the action of
( Nitric Add.

I have shown that hydrated sulphuric acid and hydrochloric acid are

employed in various processes with fatty acids and their salts, as agents
of double decomposition, and that they do not act destructively upon
the radicals of these acids. The case is far different with nitric acid,

• which, w^hen made to act upon the fatty acids, splits up their complex
radicals into many radicals of simpler forms. Thus when oleic acid is

(' treated with nitric acid of sp. gr. 1*23, in a large retort, a violent action

occurs, much peroxide of nitrogen is expelled, and two classes of acids

are produced
—volatile acids, which distil over into the receiver, and

fixed acids, which remain in the retort. The relative quantities of the

two classes of acids depend upon the degree of concentration of the

nitric acid. When that acid is strong, the volatile acids are most

J^undant; when it is weak, the fixed acids are most abundant.
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The volatile acids thus produced belong to the" vinyl series, Group B,

page 402, and include all those from the acetic to the rutic, Nos. 32
to 40. The fixed acids belong to Group C, page 404, and Include the

adipic, suberic, sebacic, and pimelic acids.

In the same manner Chinese wax, C^^E.^,C^R^^O^, when distilled

with strong nitric acid, splits up into a variety of acids, which contain

radicals both of the vinyl and the succinyl group, among which the

following are found :
—

Oenanthylic acid 1

Butyric acid I Belonging to Group B.

Caprylic acid
J

Anchoic acid \

Suberic acid > Belonging to Group C.

Pimelic acid J

These remarkable results are not difficult of comprehension. The

radicals of the vinyl series are converted into those of the succinyl series

by loss of hydrogen, which is taken up by the oxygen of the nitric acid ;

while, on the contrary, the radicals of the succinyl series are converted

by heat, under loss of carbon, which goes off as carbonic acid, into

acids of the vinyl series. When, therefore, any acid which contains

a complex radical of the vinyl series is heated with nitric acid, various

members of both these series of radicals, all less complex in Structure

than the radical that is operated upon, always appear among the pro-

ducts of the decomposition.

Examples of the Transmutation of Radicals hy Oxygen.

a). Hydrogen driven off* in the state of water :
—

H,C*H^O* + 0« - HHO = H,C^H^O^ -f H,C^H«Ol

Butyric acid Succhiic acid, 2 atoms.

H,C*'H>70^ + 0^ - HHO = H,C^H«0^ -f H,C'H«0«.

Pelargonic acid Suberic acid -f Sebacic acid.

h).
Carbon driven off" in the state of carbonic acid :

—
H,C^H«0« + H,C'*H«0« - CO* = H,C^H''0^.
Sebacic acid, 2 atoms Pelargonic acid.

Theoretically, it is possible that all the radicals of those two groups ar-

thus reciprocally convertible the one into the other ;
so that any eftec j

of this kind which appears in our experiments may be accepted as

matter of course. But to what extent the transmutations can be ex peri

mentally performed I do not know.
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Succinic Acid.

Formula, H,C*H'0* = Hydra succinylete; Equivalent^ 59. The

atomic measure of succinic acid in the state of gas is unknown. The

atomic measure of the radical succinyl^ C^H*, in neutral salts is nothing.

Succinic acid was originally obtained from amber by dry distillation.

It is easily formed artificially by acting at a boiling heat for some days

upon palmitic or stearic acid with nitric acid. It is also obtainable by
fermentation from asparagin and from malic acid. The comparison of

malic acid with succinic acid,

Malic acid Succinic acid,

shows that, apparently, only a slight action is necessary to insure the

conversion of the one into the other; but, in practice, the change is not

effected so simply. There is a discharge of carbonic acid and sometimes

of hydrogen ; and the products, if we act upon malate of lime, are not

only succinate of lime, but carbonate, acetate, lactate, and butyrate of

lime, with a small quantity of an essential oil, which has an agreeable
odour of apples, and which is probably the butyrate of methyl. Here,
therefore, we have other examples of the building up or breaking down
of organic radicals by the energy of the nascent oxygen supplied by
decomposed nitric acid, or by the process of fermentation.

Succinic acid is a very stable salt. It forms crystals, which dissolve

in two parts of boiling water or five parts of cold water. It fuses at

about 350^ F. If suddenly heated to 455°, it melts, boils, and sub-

limes under partial conversion into the succinic anhydride. If the

sublimed acid is distilled with anhvdrous phosphoric acid, the succinic

anhydride, C«H*,O'H^0^, is obtained pure.
Succinates.—There are three kinds—monobasic salts, double salts,

and quadruple salts. They are characterised by the brown bulky pre-

cipitate which their solutions give with solutions of ferric salts.

Tartaric Acid,

Formula^ H,C^H^C)^ = Hydra tartrylite ; Equivalent, 75.

Tartaric acid occurs chiefly in the juice of the grape ;
it is also found

in the tamarind and in the unripe berries of the mountain ash. It

passes from grape-juice into the wine that is made from grapes, and is

de|>osited in the wine-casks in the form of a crust, which is commonly-
called tartar, crude tartar, or argol, the chemical composition of which
is represented by the formula k,C*H'0' + H,C^H20^ which formula

signifies that this salt is the bitartrate of potash, or a compound of

hydrated tartaric acid with neutral tartrate of potash.
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Preparation.
—Dissolve crude tartar in boiling water, and add pow-

dered chalk as long as it produces effervescence : four parts of tartar

require about one part of chalk. Tartrate of lime is precipitated, and

neutral tartrate of potash remains in solution. This double decom-

position may be formulated thus :
—

K,C^H^O^ + H,eH^O^ )
r 2(K,C«H«0^)

K,C^ffO^ + H,C^H^O^ I =
\ 2(Ca,C^H*O0

CaCa,CO^ J (
CO^ + HHO.

Add a solution of chloride of calcium to the tartrate of potash in solu-

tion, in an equivalent quantity. The rest of the tartaric acid is thus

converted into tartrate of lime :
—

K,C^H^O« _ Ca,C-H«0^
CaCl

~
KCl.

The precipitated tartrate of lime is well washed, and digested with

dilute sulphuric acid, in quantity sufficient to combine with all the lime.

Double decomposition again takes place, and the products are insoluble

sulphate of lime and soluble tartaric acid :
—

Ca,C«H^O^ _ H,(7H*0^
H,SO-'

"
Ca,SO^

When the operation is completed and the liquor cooled, it is filtered,

evaporatecf to the consistence of syrup, and crystallised. The formation

of the crystals, though not the purity of the acid, is favoured by the

presence of an excess of sulphuric acid.

Properties.
—Well-formed crystals, consisting of hemihedral forms of

the oblique rhombic system. When pure, colourless, transparent, and

permanent in the air. Soluble in water, alcohol, and wood spirit. It

has a sharp, agreeable, acid taste, and is for that reason much used,

instead of the more expensive citric acid, for the preparation of acid

effervescing beverages. When gently heated, the crystals become

strongly electrical. There are several varieties of tartaric acid, which

differ remarkably in their relations to polarized light, but I have no

space to enter upon a description of them.

Tartrates.—Tartaric acid exchanges its basic hydrogen for any other

basic radical, and produces an extensive series of neutral salts. It also

forms a variety of multiple salts, such as,

Terbasic Tartrates :
—

Sbc^C*H^O* and ffNa,(7H«0\

Acid Tartrates:—
K,(7H*0' -f H,eH^^

Double Tartrates :
—

K,C*H^CF 4- Na,(7H*0^
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Conjugated Tartrates :
—

C H^ ,C^H*0^ + H ,C«H*0^

eH'SO'H^O' + Ag,C*H*0^

Tetrabasic Tartrates :—

H ,C«H«0^ 4- Sbc^C*H*0*

NHSC^H*0^ + Fec^C*H*0*
K ,C*H*0^ 4- Sbc^C«H»0*

Complex Tartrates:—
jH^C*ffO* + Sbc^C'H»OM

tH^C*H*0*+ H^C*H«0*f

For a complete investigation into the constitution of the tartrates, the

reader is referred to my work on the Radical Theory, page 461.
An aqueous solution of tartaric acid becomes mouldy if kept long.

When used as a reagent it should be freshly prepared, and it should be

kept in stock in crystals, not in solution.

If a solution of tartaric acid is added to a solution of caustic potash
till the mixture is neutral to litmus, the salt produced is neutral tartrate

of potash, which is easily soluble in water. If an additional equivalent
of tartaric acid is then added, it produces bitartrate of potash, which is

somewhat difficult of solution, and, therefore, occasions the gradual
formation of a crystalline precipitate.

Citric Acid.

Formula as a trihasic add = HHH
;
CH'O^. Formula as a triple

acid = H,C*ffO^ 4- H,C*HO^ 4- H,C^HO«. Formula of the commercial

add in crystals
= HHH

;
C^H^O' 4- Aq. Fquivalent, in crystals, 210;

di^y 192.

I have briefly explained my views of the constitution of the citrates

at pages 405 and 427, and more fully in my special treatise on the

Radical Theory, page 424, where I have cited the facts which seem to

prove that citric acid is a triple acid, and not a tribasic acid.

Citric acid occurs chiefly in the citron, the lemon, the orange, and
other fruits of that tribe. It is also found in gooseberries, raspberries,

strawberries, cherries, currants, and tamarinds, often in company with
malic acid.

Preparation.—The expressed juice of the citron or lemon is neutralised

with chalk, and the insoluble citrate of lime is decomposed by sulphuric
acid. The process is similar to that by which tartaric acid is prepared.
It is

finally obtained in crystals. These are very soluble in water, and
the solution has an agreeable acid • taste. When the cold saturated

aqueous solution is allowed to evaporate spontaneously, it forms trans-
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parent colourless rhombic prisms, which constitute the crystallised com-

mercial acid. A diluted solution of the acid gradually becomes mouldy
and decomposes, showing acetic acid among the products of decom-

position. When heated with an excess of sulphuric acid, citric acid

produces acetic acid, carbonic oxide, and carbonic acid :
—

/-..^ . . , I TT ^oTx ^9 1 I TT /^><9TTq/^9 f Acctic acld.
Citric acid

\ H,C*H 0«
y
=

{ H,eH^O* f

\ H,C*H 0« J I CO + COO.

With nitric acid it produces acetic, oxalic, and carbonic acids. With

hydrate of potash it forms oxalate and acetate of potash :
—

2(K,e'H'0*) Acetate of potash.

2(K,C 0«) Oxalate of potash.

3HHO Water.

fH,C«ffO"
I

Citric acid ^H,C*HO* I

[h,c*ho^
[

Caustic potash 4KHO I

When citric acid is heated it produces aconitic acid, H,C*HO^ (see

page 427), which occurs naturally in the plants called monk's-hood

\ajconitum) and mare's-tail {equisetum), and also disengages water, carbonic

acid, carbonic oxide, and acetone = Cff,C^H^O. When more strongly

heated, citric acid produces citraconic acid = H,C^H^O* + H,C*HO*.
See page 406.

These reactions make it probable that citric acid contains not only
the radical dyl or aconyl C^H, but also the radical acetyl

= C^W, and

that the difierence between acetic acid, H,C*H^O^, which does not seem

to exist ready-formed in vegetable juices, and the acid H,C*H^O^, which

appears to abound in them, and is readily convertible into acetic acid,

is simply a difference in the amount of oxidation.

Citric acid is extensively used by calico-printers and silk-dyers.

Lemon-juice is a valuable anti-scorbutic article of diet.

Citrates.—The three acids, which collectively constitute citric acid,

contain one replaceable atom of basic hydrogen in each, and as replace-

ment of this hydrogen by other basic radicals, metallic, azotic, or com-

pound, can take place, either collectively or separately, it follows that a

very great variety of citrates are produceable, and that, according as the

replacement is effected on one, or two, or three atoms of hydrogen, the

salts may aj^pear to be monobasic, or bibasic, or terbasic, or be, as fashion-

able language describes them, monometallic, bimetallic, and trimetallic.

The individual acids can separately become combined with ammonium

NH*, and their ammonium salts severally lose HHO, and thereby be-

come reduced to salts of amidogen, Nff, with a corresponding reduction

of O^ from the normal amount of the oxygen of each acid. The three

acids which, when grouped into a whole, constitute citric acid, never

lose their individual powers or properties, and when a citrate is split up

by any metamorphosing power, each acid, or acid radical, then set at

I

I
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liberty, and permitted to act as a single power, has the same saturating

capacity that it possessed when existing as part of a citrate, neither

more nor less. It is scarcely possible to adduce a stronger argument to

prove that citric acid is not one acid, but a compound of three acids—
not an individual, but a company of limited, but strictly ascertained,

liabilities.

I shall quote a few examples of citrates, to show what forms of com-

bination this constitution and these properties lead to :
—

Examples of Citrates.

H ,CWO^
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purified crystals with a solution of acetate of lead. The precipitate
then produced is malate of lead. Decompose the malate of lead by
sulphuric acid, which produces sulphate of lead, and leaves hydrated
malic acid in solution. The last traces of lead .are removed by the

addition of sulphuretted hydrogen.

Properties.
—Very soluble and deliquescent, and, therefore, not so

easy to crystallise as other organic acids
;
but when evaporated to a

syrup, and left in a warm place, it produces tufts of prismatic crystals.
Malic acid has a very sour but agreeable taste. When heated, the

crystals fuse below 212° F. When steadily fused at 300°, water is

disengaged, and fumaric acid is produced :
—

H,C*ffO^ + H,C*HO* = HHO -{- 2(H,C«H0«).
Malic acid = Water -|~ Fumaric acid, 2 atoms.

If suddenly heated to 460^, maleic anhydride is formed :
—

H,C«H»0^ + H,C*HO« = C«H,C«HO^ + 2HHO.

At an intermediate degree of heat, about 350°, the products of decom-

posing are said to be,

H,C*HO« + H,C«HO« + C*H,C*HO^ + HHO.
Maleic acid -f- Fumaric acid -j- Maleic anhydride + Water.

The nature and the relative proportions, not only of the two isomeric

acids, but of the hydrated to the anhydrous acids, depend upon the

amount and the duration of the heat. I have given elsewhere (" Ra-

dical Theory in Chemistry," page 420) a detailed account of the re-

actions of the different salts of the malic group.
Malates.—As the malic acid contains two atoms of basic hydrogen,

each separately replaceable, it follows that it can form neutral, acid, or

double salts, and various amidogen salts. I have adverted to this

circumstance at page 426, and in the work above referred to I have

examined the matter closely. In fact, it is the evidence that is supplied

by the peculiarities of the constitution of the double salts and amidogen
salts of the malates, citrates, and similar salts of vegetable acids, which

proves that these salts are double and triple salts, and not, as commonly
considered, bibasic and tribasic salts. We perceive incontestably that

in these salts we have to deal, not only with double and triple basic

radicals, but with powers and properties which, being twice and thrice

as great as the powers and properties of single acid radicals, demon-

strate the existence in these salts of double and triple acid, radicals. To
attribute these d,ouble and triple powers to single acid radicals is, to my
mind, destructive of the very notion of chemical equivalence. I can no

more comprehend the constitution of a salt which contains one acid

radical opposed to, and neutralising, three basic radicals, than I can

comprehend the nature of a galvanic battery in which one positive pole
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is opposed to, and neutralises, three negative poles, all of the same

individual power. The thing seems to me to be utterly impossible ;

and I wonder at the singular train of illogical reasoning by which

chemists, who profess to believe in the electro-chemical theory, persuade
themselves that they can also believe in the existence of such unphi-

losophical monsters as polybasic acids and polyatomic alcohols.

I quote a few examples of salts belonging to the malic group :
—

1. H ,C*H^O^+ H,C'HO« Malic acid crystallised.

2. HN* ,C*H'0' -f NH^eHO* Neutral malate of ammonia.

3. NHSC'H"0"+ H,C^HO' Acid malate of ammonia.

4. NH* ,C*H'0' + Zn ,C''HO' Malate of ammonia and zinc.

5.
Pb ,eH«0'+ Pb^C^HO' Basic malate of lead.

6. C'^Hi\C'H«0' + Ca ,C^HO' Malate of amyl and lime.

7. NH%C*H'0'+ H,C*HO' The amidogen salt derived from

the ammonium salt. No. 3, and bearing to it the same relation

that oxamic acid bears to the binoxalate of ammonia. See

page 379. The salt No. 7 is commonly called Aspartic Acid.

8. NH* ,C'H'0' + NH^C'HO* Aspartate of ammonia.

9. NHBa ,C«ffO' + Ba ,C*HO* An aspartate of barytes, in

which the amidogen has one of its atoms of hydrogen replaced

by a metal, forming a metaUic vice-radical (see page 413).
10. NHSC'H^O^ + NH*,C'HO. A double amidogen salt, produced

from No. 2 by the abstraction of HHO + HHO. This salt

is sometimes called Asparagine^ and sometimes Malamide,

Gallic Acid.

Formula as a tnhasic acid = HHH,C^H*0^. Formula as a triple add
= H,C^ffO* -f H,C'HO« 4- H,C^HO«. Equivalent, 188.

Gallic acid exists ready-formed in many astringent vegetables, par-

ticularly in the gall-nut, in sumach, and in valonia. To extract it, soak

one part of powdered gall-nuts in three parts of cold water, exposed

freely to the air in a warm place. It soon becomes mouldy, and the

mouldy skin is to be removed from the solution as often as it is formed.

When the liquor is evaporated to half its bulk, pour it from the crystal-
line deposit. Wash the deposit with cold water

;
then dissolve it in

hot water, filter, and crystallise. The crystals are impure gallic acid.

Dissolve again, purify with animal charcoal, and again crystallise from

boiling water. Gallic acid can also be obtained by boiling tannic acid

with dilute sulphuric acid, in which case the elements of w'ater are

assumed, and glucose is produced and separated as well as gallic acid.

Properties.
—The crystals are very delicate silky prismatic needles.

Soluble in 100 parts of cold water, but in 3 parts of boiling water.

Easily soluble in alcohol; sparingly so in ether. Reddens litmus.

Taste feebly acid, but very astringent. The constitution of the gallates
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is not thoroughly understood, I state below what appears to me the

probable constitution.

Constitution of the Gallates.

1. H,C^ffO* + H,C*HO^ + H,C*HO« Crystallised gallic acid.

2. H,C^ffO* + G*H,C^HO^ The acid dried at 248^ F., at which
heat the two atoms of H,C*HO* lose HHO, and are reduced
to the state of anhydride.

3. NH*,C^ffO* 4- H,C*HO» + H,C^HO« Crystallised acid gallate
of ammonia.

4. NH*,C*H^O + H,C«HO« + H,C=^HO^ The amidogen salt, cor-

responding to No. 3, produced by saturating the acid No. 2

with dry ammonia gas. Sometimes called Gallamic acid.

5. Na,C^ffO''"+ H,C^Hd^ + H,C*HO* Crystallised acid gallate of

soda.

6. Na,C^H^O* 4- C'H,C«HO=' This is the salt No. 5, dried at 2 10^,
at which temperature the anhydride is formed. The gallates
in general, like the crystallised acid (see Nos. i and 2), are

subject to this form of partial decomposition, which has led

many chernists to ascribe only three atoms of hydrogen to the

gallic radical, and only five atoms of oxygen to the salts.

Thus making—
The dried acid = H^C^H^O^
The soda salt = NaHSC^H^O'.

7. Zn,C^H*ZnO« + Zn,C^HO' 4- Zn,C*HO« Gallate of zinc dried

at 2 1 2^. This is an example of a salt in which part of the

hydrogen of the gallic radical is replaced by a metal. The

gallates, tartrates, malates, and many other salts, are subject
to this exhibition of metallic vice-radicals.

8. Pb,C^Pb^O* + C'H,C*HO^ Basic gallate of lead. In this salt

the hydrogen of the radical C^ff is entirely replaced by lead.

At the same time the anhydride is formed. This salt was
dried at 248°.

( Pb,C^H^O* 4- Pb,C«HO« 4- Pb,C*H0^1 In this example we have .

9-
|Pb,C^H^O« 4-CH,C^H0' I

a trimetallic or neutral
|

gallate, in combination with a salt of the form No. 6. -J
10. Fe,C=^H^ 4- Fec,C^HO^ 4- FecC^HO* This is the probable |

composition of writing-ink ; but, as usually prepared, ink

contains ferrous and ferric tannate, as well as gallate (see

page 473)-

These examples are sufficient to show the complex nature of the

gallates,
and how curiously they are modified by the anhydrides and the

metallic vice-radicals, which are produced when the normal and basic

gallates are decomposed by heat.
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Decomposition of Gallic Acid by Heat.—When gallic acid is carefully

heated to 410^ or 420^ F., it produces carbonic acid gas and sublimed

pyrogallic acid, with smaller and variable quantities of water and meta-

gallic acid. If suddenly heated to 480'^ F., it yields no pyrogallic acid,

but water distils over, and in the retort is found metagaUic acid.

Tannin. Tannic Acid.

Formula as a tribasic acid, H^,C^H^O'. Formula as a triple add,

H,C^H^O' + H,C"HO' + H,C*HO^ Equivalent, 212.

Tannin or tannic acid occurs chiefly in oak-bark and in gall-nuts.

Preparation.
—The preparation of tannic acid requires an instrument

called a percolator, which is represented by fig. 384. Coarsely-powdered

gall-nuts are put into the funnel at d, the neck of which

at G has been loosely stopped with a plug of cotton wool.

Upon the powder is poured, e, a mixture of ten parts of

ether with one part of water by weight, enough of it to

cover the powder completely ;
close with a glass stopper,

and set aside in a cool place for 24 hours. The stopper
is then to be loosened a little, and the liquor is to be

allowed to drop slowly into the flask. The operation is

repeated with fresh ether. The liquids obtained in the

fia«k are to be shaken together, and then allowed to rest,

when they separate into two strata, the lowermost one

of which, a, is a syrupy solution of tannic acid in water,
and the uppermost green liquor, b, is ether, containing

gallic acid and colouring matter. The solution of tannic

acid is removed by a pipette, and after being gently

evaporated to dryness in a ca})sule is washed with ether.

The dry mass is redissolved in water, and evaporated in

vacuo. It forms a pale-yellow powder, not crystalline.

It has a powerful astringent taste. It is very soluble in

water, slightly in weak alcohol, and scarcely at all in

ether. It reddens litmus.

Composition of Tannic Acid and the Tannates.—It is impossible to

learn, from an examiration of the published analyses of tannic acid,
what is its exact composition. There is probably more than one kind
of tannic acid : it occurs in company with gallic acid, which nearly re-

sembles it; both these acids change their composition while being
dried to expel hygroscopic water ; none of the tannates can be obtained
in crystals; and there are even other circumstances which render it

difficult to ascertain the precise constitution of these salts. Upon the

whole, I consider it likely that tannic acid resembles gallic acid in all

respects, excepting the constitution of one of its constituent radicals. I
will cite them side by side to show this difference :

—

3«4.
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Gallic Acid. Tannic Acid.

H,C^H O* H,C^H O^

H,C^H O^ H,C^H O*.

It will be found that this formula agrees pretty well with the reactions

of the acid and its salts, and also with the percentage analyses.

Strecker, who has analysed tannic acid, states its composition to be
in the unitary formula C'^^H^^O'^

;
but this was for acid which had been

dried at 248^, during which operation an atom of water, HHO, is

expelled. Adding this water to the formula we have C*^H**0'^, and

dividing the formula by 3 we have C^H^O^ which, on the radical theory,
is equal to H,eH=*0^ + H,(7H0^+H,C*H0^ The partially decom-

posed acid, which was analysed by Strecker, may be explained in a

formula as follows :
—

H,C^H^O' + H,C«HO« 4- H,C^H0^1

This is a salt which contains two atoms of normal tannic acid and onej^
atom of tannic acid, including the anhydride C^H,C^HO^ which so oftenj
occurs in the drying of other acids, gallic acid, malic acid, &c. *

There is a salt of lead which, after being heated, contains C^^H"Pb^O'^
which agrees with the partly decomposed acid, after replacing H, in the

three atoms of H,C^H^O^, by Pb. If we add to this unitary formula

one atom of water, it becomes C^'^H^'Ph^O'^ which, divided by 3, gives

C^H^PbO^ equal to Pb,C^ffO^ + H,C'HO' + H,C^HO^
There is another salt of lead, which is described as containing

C^^H'Tb'O'", when dried at 212°. This, divided by 3, is equal to

Pb,C^H^O" + Pb,C^HO' + Pb,C'HO' + IHHO.

If dried a little higher, or perhaps a little longer, this -| aq might have

been driven off, and the neutral trimetallic salt would have been

produced.
Conversion of Tannic Acid into Gallic Acid.—Strong acids and strong

alcalies, boiled with an aqueous solution of tannic acid, convert it into

gallic acid and glucose. The decomposition is commonly put into an

equation thus :
—

Gallotannic Acid. Gallic Acid. Glucose.

C5.H^034 + loHO =• 3(3HO,C,,H307) + C.,H,,0,„2Aq.

In this equation C=6, =
8, H = i.

On the Radical Theory, using the formulae above explained, and

H = i, 0=16, C=i2, the metamorphosis may be represented thus :
—
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H,C*H«0« H,(^H^O*
H,C«H 0« -f 2HHO = H,C*H O* + 2CIPO
H,C*H O* H,C«H O*.

Tannic acid + Water, 2 atoms = Gallic acid + Sugar, 2 atoms.

When tannic acid is heated to about 620° it is decomposed, and,
hke gallic acid, it yields pyrogallic acid and metagallic acid, accompanied
by water and carbonic acid. The unitary formula of pyrogallic acid is

C*H*0, that of metagallic acid is CH^O*. These may be put into the

form of radicals as follows :
—

Decomposition of Tannic Acid hy Heat.

H,eH»0*) f((7H,C«H0 + CH,CHO) =
Metagallic acid.

H,C*H (/ 1 = < C H,C HO = PyrogaUic acid.

H,C«H 0*) I COO = Carbonic acid -f HHO = Water.

According to this idea, pyrogallic acid is the suboxide of formyl, and
this is combined in metagallic acid with the suboxide of the radical

C*H. These two compounds seem to be called acids without much

propriety, for they are not substances which contain replaceable basic

hydrogen. The following examples of pyrogallates prove this clearly :
—

CH,CHO =
Pyrogallic acid Pb,CHO!

I. Pb,CHO =
Pyrogallate of lead

^ ( Pb,CHO) p,.,,

2iCH,CH0r^'^^''

Pb,CHO o iw
CH,CH0/^3^'?f"f

^

CH,CHO^
^^^"^^'

CH,CHO
Gmelin's formula for No. i is 6PbO,C'*H^O«, and for No. 2 it is

3PbO,2C'*H«0^
The evidence respecting the metagallates is less evident. It is said

that there is a silver salt composed as follows :
—

C^H^AgO*. But of
this and other metagallates very little is known.

Uses of Tannic Acid. i). Ink-making.
—The basis of common

writing ink is a ferric tannate, which, as usually prepared, is mixed with
ferric and ferrous gallate, the salts being suspended in water by mu-
cilage. The following preparation yields very good ink:—Digest
1 2 ounces of bruised gall-nuts in a gallon of water, then add 6 ounces
of green copperas, 6 ounces of gum arable, and 4 or 5 drops of kreasote
to prevent the ink from becoming mouldy. Allow the mixture to

digest at ordinary temperatures for two or three weeks, under frequent
stirring. At the end of that time the clear liquor may be decanted for

use. Ink- stains on linen turn yellow when washed with soap, forming
what is termed an iron-mould. The yellow stain is due to ferric oxide
in combination with the linen. If, when the ink-stain is fresh, it is

washed with a solution of oxalic acid, it can be removed. The oxalic
acid must afterwards be washed away with water, or the cloth will rot.

2i
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2). Leather-making.
—The most important compound formed by

tannic acid is that which it forms with gelatin. When a solution of

isinglass, or of any kind of gelatin, is added to an aqueous solution of

tannic acid, a copious gelatinous precipitate is produced. This com-

pound, when in a solid form, constitutes leather. A piece of prepared

skin, put into a solution of tannic acid, absorbs the acid, and is con-

verted into leather. In this case a most insoluble compound is formed

by two substances, both of which are extremely soluble in water.

Pyrogallic Acid.

Formula^ CH,CHO = Formyla formylate ; Equivalent, 42.

This substance is produced by the decomposition of the tannic and

gallic acids. It may be prepared by sublimation from these acids, or

from the extract obtained by boiling down a solution of gall-nuts. The
extract may be put into a shallow iron pan, covered with a piece of

filtering paper, and over that a cone of writing paper. The application
of a gentle heat sends the pyrogallic-acid vapour through the filtering

paper up into the paper cone, where it condenses into light crystals.

Theory.
—The constitution of this compound, and its relation to the

tannic and gallic acids, have been sufficiently explained.

Properties of Pyrogallic Acid.—It forms bulky brilliant plates, which

are soluble in water, alcohol, and ether. The solution is bitter. If

pure, it does not redden htmus. It is not an acid. It fuses at 240°,
and soon after rises in vapour. If dry, it does not readily decompose.
If in solution, and especially if in a solution of potash, it absorbs oxygen
with such avidity, that it is useful as a means of removing oxygen from

gaseous mixtures. The solution becomes brown, and then contains

carbonate and acetate of potash. Pyrogallic acid produces a deep-blue
solution with pure ferrous salts, and a bright-red solution with ferric

salts. When dropped into milk of lime it produces a beautiful purple
colour. Added to salts of silver, gold, and platinum, it reduces the

metals. It is much employed in photography to develop the latent

image produced by light on argentiferous collodion.

Benzoic Acm.

Formula^ H,C^ffO* = Hydra benzylete; Equivalent, 122; Atomic

measure in the gaseous state, 2 volumes; Specific gravity of gas, 61.

Preparation.
—When gum-benzoin is gently heated, benzoic acid rises

from it in vapour, and condenses on any cold object in brilliant crystal-

line leaves and needles. The sublimation may be performed in the

manner described above, under the article Pyrogallic Acid. It makes

an elegant experiment when performed as represented at page 57*

The following process has been recommended by Dr. Mohr, and is
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universallj employed for the preparation of this acid in quantity.

Fig. 385 represents the necessary apparatus; a is a plate of iron, which
is placed over a charcoal furnace, or over

a gaslight, where the heat can be care- ^y^ ^A
fully regulated; 6 is a flat-bottomed ^ ^HHII^h
cast-iron pan, about 2 inches deep and ^RII^HhHI
8 inches in diameter

;
c is a flat tin-plate l^^^̂ ^̂ w

funnel, fitted to the pan, and adjusted '^^^^^S|^^^^p£>
by cement of linseed meal

;
d is the neck /^^^^^^^^^^^^^W

of this funnel, which is a cylindrical tube y^ ^
_6_ /

of about 3 inches diameter and the same „

height, and over the mouth of which a

piece of tull is tied
; e is a box of pasteboard, or of wood lined with

paper, adjusted to the neck of the funnel. The box should have a

moveable cover.

The gum-benzoin should be spread evenly in the flat pan to the

thickness of three-quarters of an inch ; and when the apparatus is put

together as above described, a very gentle and regulated heat should be

applied below the iron plate, and sustained from three to five hours.

The box, e, must never become w^arm to the hands, nor must any

vapour of benzoic acid be seen to escape from it. If these signs appear,
the heat must be reduced. Finally, the heat is entirely withdrawn,
and the apparatus is allowed to cool. Upon opening the box, the

benzoic acid w^ill be found in brilUant white crystalline leaves and

needles, grouped into beautiful masses. The residue of gum-benzoin
may be pounded coarsely in a mortar, and the sublimation be repeated
with a profitable result.

Properties of Benzoic Acid.—White, glistening, light, flexible plates
and needles. Melts at 248^; sublimes at 293°; boils at 462°. The

vapour is acrid and irritating. In the open air it burns with a smoky
flame. Soluble in 200 parts of cold water, in 25 of boiling water, also

in alcohol and in ether. Without odour when pure, but it generally
smells of benzoin or vanilla, from a slight incorporation of a fragrant
oil. It readily forms salts, most of which are crystallisable, and soluble

in water and in alcohol. The radical of the' acid, Benzyl = (7H*,

readily passes into a great variety of other compounds, as I shall show
by quoting a few formulae :

—
1. H,(7ffO* Hydrated benzoic acid.

2. H,C^H*0 Essential oil of bitter almonds. The crude oil con-

tains other compounds, namely, hydrocyanic acid, benzoic

acid, and benzoin. That mixture is poisonous ; but the

pure Aldide H,C^H^O is not poisonous.

3. (yW.CWO^ Benzoic anhydride.

4. CH^jC^H^O^ Benzoacetic anhydride. See page 297.
2i 2
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5. K,C''H'0^ Neutral benzoate of potash.
6. K,C7H^0' + U^aWO^ Acid benzoate of potash.

7. ZH^(7ffO' Benzoate of ammonia.
8. ZH^C^ffO Benzamide.

9. Fec,C7H^0* Ferric benzoate.

10. C?R\(JWO^ Benzoic ether. Benzoate of ethyl.
1 1 . (7H^,C10 Chloride (oxychloride) of benzoyl.
12. (7ff,CN0 Cyanide (cvanate) of benzoyl.

13. C^H^jSO Sulphide (oxysulphide) of benzoyl.

SECOND SERIES OF EXAMPLES OF ORGANIC SALTS.

Salts produced by Basic Radicals.

Isolation of Compound Organic Radicals.—The compound acid

radicals have not yet been isolated, and are only known to us in com-
bination with other radicals

;
but several of the basic radicals have been

isolated, to wit, methyl, ethyl, amyl, and others; and I shall describe

the process by which it is possible to isolate ethyl, to serve as a

general illustration.

Iodide of ethyl and granulated zinc are sealed hermetically in a strong

glass tube, exhausted of air, and the sealed tube is exposed for two

hours to a heat of 300*^ in an oil-bath : decomposition is effected, and

several products are formed, solid and liquid. The solid substances

consist of a compound of iodide of zinc with zinc ethyl. The liquid
consists of ethyl, accompanied by hydride of ethyl and vinyl, both

liquefied by the pressure. When the point of the sealed tube is broken

oft", under water, these liquids become gases and escape. Of the different

kinds of gas present in the tube the ethyl is the least volatile, so that it

passes off last, and can be collected separately in a state of tolerable

purity. This operation is described fully by Dr. Frankland in the

Quarterly Journal of the Chemical Society, vol. ii. 281,

Properties,
—A colourless gas, with a slight ethereal smell. It burns

with a bright flame. Insoluble in water. Soluble in alcohol. By a

pressure of ih atmospheres, at 38°, it is liquefied. Chlorine has no

action upon ethyl in the dark, but it combines with it in diffused light,

and forms a colourless liquid. Ethyl is not absorbed by anhydrous

sulphuric acid, nor by oil of vitriol.

The circumstance that ethyl and the other isolated basic radicals do

not readily combine with chlorine, iodine, and bromine, to produce the

corresponding chlorides, iodides, and bromides, was at first held to prove
that they were not true radicals; but that argument is not sound,

because the inorganic radicals, when isolated, often lose many of the
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active powers which they possess when in combination—witness the

element nitrogen.
The isolated radicals have each an atomic measure of one volume, so

that their specific gravity in the state of gas is the same as their atomic

weight. In the case of ethyl, this is 29. Their atomic measure when
in the state of salts is one volume, except in the case of vinyl, which,
in consequence of having an even number of atoms of hydrogen, loses

its atomic measure when present in gaseous salts.

Salts of Ethyl = C*ff.

The principal salts of Ethyl are enumerated in the Table at pages

145, 146. A glance at that Table discerns their composition, atomic

weights, specific gravities, and atomic measures, and shows the great

range of power which enables Ethyl to enter into combination with all

other radicals, organic and inorganic, oxidised and non-oxidised. Similar

information is supplied by the same Table in respect to the radicals

Methyl and Amyl. If the list of salts formed by these organic radicals

is compared with the list of salts formed by inorganic radicals, for

example, by potassium, sodium, and lead, as shown by the Table given
at page 19 in this work, the conclusion that must be drawn is, that as

regards equivalence in chemical power and universality in action, the

organic radicals lose little by comparison with the inorganic radicals, and

that the chemists who admit the existence of inorganic radicals, but deny
the existence of organic radicals, admit facts, and deny facts, unin-

fluenced by logical or mathematical convictions.

Alcohol.

Formula, H,C*H^O ; Equivalent, 46; Specific gravity of gas, 23;
Atomic measure, 2 volumes; Specific gravity of liquid at 60^ F.,

07938.

Sometimes called Ethylic, or Vinic Alcohol. 'Its solutions in water
at different strengths are called proof-spirit and spirit of wine. It is the

hydrated oxide of ethyl, and is the principal alcohol of the series

indicated in Group 5), page 41 5.

Production ofAlcohol by the Fermentation of Sugar.
—I have explained

this process at page 343. When a solution of sugar ( Vinylate
= CH*0)

in water is mixed with yeast and exposed for some time to a moderate

heat, the sugar is decomposed, and converted into alcohol and carbonic

acid. Thus :
—

Hi =

I"'
The carbonic acid goes off as gas, and the alcohol remains in the

Sugar lcH«ol = I H,C«H'0 Alcohol
three atoms | ^tt«^ I I COO Carbonic acid.
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liquor (the wash), from which it can be separated by distillation, alcohol

being more volatile than water.

Production of Alcohol from Olefiant Gas ( Vinyl).
—A large glass

globe, of thirty- one litres' capacity, was exhausted of air and filled with

olefiant gas (vinyl
= CH*). 900 grammes of pure and boiled sulphuric

acid was poured into the globe in several portions, and then a few

kilogrammes of mercury. The whole was submitted to violent and

continued agitation, and after having been shaken 53,000 times, much
of the gas was absorbed. The sulphuric acid was mixed with five or

six times its bulk of distilled water, and after repeated distillations, and

separation of the acid by carbonate ofpotash, there was finally obtained

a product of diluted alcohol, which corresponded to 45 grammes of

absolute alcohol. This contained three-fourths of the olefiant gas that

was absorbed. The rest was lost in the manipulations. The operation
was repeated with olefiant gas prepared by a circuitous process from

coal-gas.

These processes prove that it is possible, by chemical means, to

build up the radical C*H* from the radical CH*. The last process,
which is due to M. Berthelot, is an important scientific demonstration.

The process by fermentation is that by which alcohol is prepared for

use in the arts.

Separation of liquids, of different degrees of volatility, by the process of
Fractional Distillation.—I have said that alcohol can be separated from

water by distillation, because it is more volatile than water. Upon this

point I may make the general remark, that, in the chemical manipulation ^
of volatile substances, advantage is very frequently taken of the fact,

that different compounds rise into vapour at different degrees of heat ;
*

and it sometimes happens that several compounds mixed together in

one liquid can only be separated from one another by a distillation con-

ducted with due regard to this particular. The apparatus used in such

a process is represented by fig. 386.
It consists of a small retort with a

bent neck, and having a tubulure suf-

ficiently wide, and placed in a proper

position, to permit a thermometer to

be adjusted to it by a cork, so as to

dip into the boiling liquor and show
from time to time the temperature at

which the distillation proceeds. The
heat placed below the retort is regu-
lated according to the indications of

the thermometer. Thus, a certain

liquid present in the mixture may be distilled off" at 100° F. ; the heat

may then be raised to 120^ or 150° F., and another liquid distilled

off; then raised to 212°, the boiling point of water; and finally,
if
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necessary, to 250^, 300^, &c. Of course, previously to each rise of

temperature, the receiver which collects the distilled liquor is changed,
in order that each product may be collected apart. This process is

called fractional distillation.

Rectification of Alcohol.—When spirit of wine is distilled, the alcohol

goes over first, but accompanied by some water. By repeated distilla-

tions, or rectifications, the proportion of water is diminished, until the

product contains 90 per cent, of alcohol. After that degree of con-

centration is reached, other means must be used to abstract the rest of

the water.

Absolute Alcohol.—To prepare absolute alcohol, first distil rectified

alcohol from charcoal, which serves to separate the essential oils that

give flavour and odour to different spirits. These oils combine with

the charcoal. Then mix the spirit with half its weight of unslaked

quicklime, and let it digest cold for several days. The lime takes the

water from the spirit to become slaked. Then gently distil the mixture,

by the heat of a bath of chloride of calcium. The hydrate of lime

retains the water, and absolute alcohol distils over. The distilling

apparatus represented by fig. 243, page 241, is very suitable for the

distillation of alcohol.

Properties of Alcohol.—Alcohol is a volatile inflammable liquid,

without colour, having an agreeable spirituous odour, and an acrid,

burning taste. It boils and forms vapour at 173° F., which condenses

unchanged. It cannot be solidified by any degree of cold. It mixes

in all proportions with water, and the mixtures are called spirit of wine.

There is a particular mixture according to which the Excise duty is

paid in England, and which is called proof-spirit. This is defined by Act
of Parliament to be *' such spirit as shall at the temperature of 51° F.

weigh exactly twelve-thirteenth parts of an equal measure of distilled

water." This is said to contain by weight 50*76 of alcohol, and

49*24 of water, and it has at 60^ F. a specific gravity of o"92. The

strength of various mixtures of alcohol and water by volume is given in

the Table at page 480.
Most of the alcohol prepared for sale is drunk as a stimulant. It is

the principle which gives exhilarating properties to all fermented liquors,

to ale, porter, wines, brandy, rum, gin, &c. When drunk in large quan-

tities, or in a concentrated state, it acts as a powerfiil narcotic poison,
first producing intoxication, and sometimes occasioning fatal results.

It is of great use to the chemist, partly as furnishing a cleanly and

convenient fuel to supply heat for his experiments, and partly as a solvent

and reagent. It burns in spirit-lamps with little light but with much

heat, and without smoke if properly supplied with air. One equivalent,
or two volumes of vapour of alcohol contain H,C*H*0. This is converted

entirely into carbonic acid and water. The quantity of oxygen required
is shown by the following equation :

—
[See page 481.]
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Table of Mixtures of Alcohol and Water,

According to Tralles. Water at 40° F. = 10000.

Per Cent.
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H,C^ffO _ CO«+CO«
O'

~ HHO + HHO + HHO.
Six volumes of oxygen exist in thirty volumes of atmospheric air,

which quantity is therefore demanded for the complete combination of

two volumes of alcohol vapour.
Alcohol as a Solvent.—The preceding details show that alcohol is of

great use in the preparation and purification of organic compounds,

many of which it dissolves without altering their properties, and gives

up in the solid state, either crystallised or amorphous, when it is separated
from them by evaporation. It dissolves many gases, some more freely

than water dissolves them, such as nitrous oxide, carbonic acid, phos-

phuretted hydrogen, and cyanogen. Iodine and bromine dissolve in it,

but gradually decompose it. Caustic potash, soda, and ammonia
dissolve in it, but their carbonates do not. Most deliquescent salts

dissolve in it. The efflorescent salts do not. With many salts, such as

chlorides and nitrates, it forms crystals. It readily dissolves essential

oils, the vegetable alkaloids, some of the vegetable acids, and the resins,

with which it produces varnishes. Sugar and soaps are dissolved more

sparingly, and fixed oils and fats only slightly.

Fermented Liquors.
—The expressed juice of any fruit which contains

sugar, or the aqueous extract of any substance which contains sugar, on

being subjected to fermentation, produces a peculiar alcoholic liquor,

which bears a name that is in some degree expressive of its origin.

Thus the liquor derived from the fermented juice of the grape is called

wine, and from the fermented juice of other fruits we have currant-wine,

gooseberry-wine, elder-wine, &c. From a decoction of ginger we have

ginger-wine. From the juice of apples we have cider, from the juice of

pears we have perry, and from an extract of malt, or from sugar alone,

we have beer. These liquors are fermented, but are not distilled.

They contain, therefore, not only alcohol, but all the soluble substances

that were contained in the original vegetable juice, and which were not

destroyed by the process of fermentation. To these otlier substances

they owe the odour and flavour by which they are severally dis-

tinguished from mere mixtui-es of alcohol and water. Sugar is the

substance which provides the alcohol. If the fermentation is complete,
the sugar will be entirely removed, and the liquor will not be sweet.

Thus claret, burgundy, and the wines of the Rhine and the Moselle con-

tain no sugar ; whereas tokay contains 1 7 per cent, of sugar, port-wine
from 3 to 7 per cent., sherry from i to 5 per cent., and most home-
made wines a great excess of unfermented sugar. The flavour and
odour of wines depend partly upon certain essential oils which are

derived from the plants made use of for their production, partly upon
ethers, or essences, which are produced from the decomposition of the

sugar or of those essential oils, and partly upon the aromatic, acidulous,

mucilaginous, and astringent substances of a non-volatile nature, which
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are supplied by the juices of the different vegetable substances employed
to produce the wines. I have given, at page 387, and in a subsequent
section, some account of the nature and chemical composition of the

volatile ethers and essences. Many of them can be imitated artificially,
and there is no doubt that this is a part of chemical knowledge that

will hereafter receive great extension and practical application.
Distilled Alcoholic Liquors.

—When liquors which contain alcohol

are distilled, the alcohol rises in company with more or less water, and
with a certain quantity of the essential oils or ethers that may be

present in the liquors that are subjected to distillation, while sugar,

colouring matters, mucilage, fixed acids and salts, and all other non-

volatile substances remain behind in the still. On this principle, all

drinkable alcohoHc liquors are prepared, and their differences in flavour

and odour depend mainly upon peculiarities in the essential oils that are

derived from the vegetables, whose fermented juices or extracts are

distilled for the sake of the spirit they yield. Thus, rum is distilled

from molasses, and the flavour is derived from an oil peculiar to the

sugar-cane. Brandy is distilled from wine, and sometimes from

expressed grapes, and owes its flavour to a product of the vine. The
dark colour of some brandies is given to them artificially by the addi-

tion of burnt sugar. Whiskey is distilled from a mash made with malt

or other grain. Arrack is distilled from fermented rice. But the

flavouring principles of rum and of brandy can be prepared chemically ;

that of rum consisting of the butyrate of ethyl, and that of brandy of the

butyrate of amyl. See pages 387, 388.
We have thus two distinct classes of spirituous drinks. T

FERMENTED liquors, such as wines and beers, which contain all thi

soluble constituents of the vegetable juices or extracts from which the;

are prepared, except so far as those constituents are decomposed by'
fermentation. And, secondly, the distilled spirits, which contain only
volatile substances, chiefly alcohol, water, and essential oils. There is,

however, a third class, which it is necessary to notice, and which is that

of liqueurs or compounds. These consist of distilled spirits flavoured by
the subsequent addition of aromatic or ethereal substances, which give
the flavours that are desired. Thus gin is flavoured with oil of juniper-

berries, and sometimes with oil of peppermint, of cloves, or of bitter-

almonds. Eau de Cologne, and many articles of perfumery, are prepared
in this way, and in some cases, spirits intended for beverages, besides

being prepared with essential oils, are mixed w^ith sugar and other

soluble non-volatile compounds. When these fixed substances are not

present, the mixtures are usually purified by re-distillation (rectification).
In the small way, the apparatus represented by fig. 243 may be used

for such a purpose.

I
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Percentage of Absolute Alcohol contained hy some Beverages ;
—

Port I 5
to 1 7

Sherry . . . . 14 to 1 6

Madeira . , . . 14 to 17

Malmsey.... 13

Claret 8 to 9
Rudesheimer . . . 7 to 8

Edinburgh ale. . . 5 to 6
London porter , . 5^

Ether.

Formula, C*H*,C*ffO; Equivalent^ 74 ; Specific gravity of gas, 37 ;

Atomic measure, 2 volumes; Specific gravity of the liquid at 55°, 0*724.

Preparation of Ether.—The preparation of ether is dangerous, and

should not be undertaken by inexperienced operators. Not only is the

liquid very combustible, but its vapour is extremely volatile, and when
mixed vs^ith atmospheric air it is as violently explosive as a mixture of

atmospheric air and coal-gas. It ought never to be poured from a bottle

near a flame. It is dangerous to spill it on the floor and allow the

vapour to mix with the air of the room. I must describe the process
of preparing ether, because of its theoretical importance ; but the

student of chemistry should only venture to prepare it, and to make

experiments with it, in small quantities, and with due care.

1. The apparatus to be used is represented by fig. 243. All the

joints must be carefully fitted, the condensing-water must be very cold,

and continuously supplied, and the condensing-flask, g, must be put up
to its neck in cold water, the point of the adapter, /, being passed

through a cork, provided also with a safety-tube. Mix four ounce

measures of strong alcohol with two ounce measures of oil of vitriol, put
the mixture into the retort, adjust the apparatus as shown in the figure,

and distil with a gentle heat until the mixture begins to blacken. Then
release the retort, put into it one ounce measure of strong alcohol, and
continue the distillation until ether ceases to come over.

2. The Continuous Process.—The process above described is not

used for the preparation of ether in large quantities. What is called
,

the continuous process is now followed. In this case, the mixture that

is first submitted to distillation consists of equal measures of oil of

vitriol and of alcohol, sp. gr. 0*83. This is contained in a large retort

connected with an efficient condensing apparatus. There is connected

with the retort a tube passing to a reservoir of alcohol, from which a

current passes, so as to keep a constant level in the retort. A heat is

at once applied sufficient to make the mixture boil steadily. A mixture

of ether and water, accompanied by a little alcohol, then passes over

regularly, until about thirty times as much alcohol as that originally
mixed with the acid has been converted into ether. The sulphuric acid

is by that time become too dilute to continue the process.

Rectification of Ether.—The ether produced by these operations is

impure, and requires to be ectified. To this end, it must be mixed
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with an equal bulk of water, containing one-sixteenth of its weight of

carbonate of potash, and after being shaken with this mixture, must be
set aside to rest, when it settles into two liquids. The alcaline solution

combines with the alcohol, the water, and any sulphuric acid that may
be present, and sinks to the bottom. The uppermost liquor consists of

ether holding a little water in solution. This water can be separated by
letting the ether stand for a day or two upon quicklime or chloride of

calcium, after which the ether is to be distilled by the heat of a water

bath, and the distilled ether is to be received in a vessel cooled by ice-

cold water.

Properties of Ether.—Ether is an extremely limpid liquid, which is

colourless, transparent, volatile, and combustible, having a peculiar and

powerful odour, and a taste which at first is hot and afterwards cooling.
A ^ew drops mixed with cold water may be drunk. It is stimulating
and intoxicating. If the vapour is inhaled, it produces exhilaration,

immediately followed by insensibility to pain. On this account it was
for some time used to diminish the sufferings of patients when under

surgical operations ;
but as its employment was attended with danger,

and sometimes produced fatal results, it has been superseded by the use

of chloroform, which more speedily and certainly produces insensibility
to pain, with less excitement to the system and less danger.

Ether boils at 95° F., and freezes at — 24° F. It is freely dissolved by
alcohol, but only slightly by water. When pure ether is mixed with

an equal volume of water, each takes up about one-eighth volume of

the other, so that the measures remain apparently the same.

Upon this property is founded a process for testing the quantity
of alcohol contained in impure ether. Fig. 387 represents a

glass tube, six inches long and half an inch wide, graduated
into equal spaces. Fill ten spaces with cold distilled water,
then carefully ten spaces with ether. Close the mouth of the

tube with the finger, shake the mixture, and then let it settle.

The water and ether then separate ;
and the increase in the

quantity of the lower liquor, or water, shows the amount of

alcohol abstracted by the water from the ether.

Uses of Ether.—As a medicine. To produce cold, by its

rapid evaporation. As a solvent for fatty bodies. This

property renders it important in the separation of organic
bodies from one another. It dissolves iodine, sulphur, phos- Vi^

phorus, ammonia, deutoxide of nitrogen, and several metallic 387.

salts, such as PtcCl, FecCl, SncCl, AucCl, HgcCl. It is

remarkable that these are all chlorides of basyhc radicals. The last two

compounds are separated, by agitation with ether, from the w^ater of

their aqueous solutions, and rise with the ether to the surface.

Comhustio/i of Ether.
—When ether is burnt, it produces, hke alcohol,

carbonic acid and water
;
but as it contains more carbon in proportion

f
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to the 'hydrogen than is contained in alcohol, the iflame is brighter, and

if the combustion is interfered with, by the action of a cold body on

the flame, it readily deposits carbon. An equivalent of ether requires

twelve equivalents of oxygen for its perfect combustion :—
Cff,C*H'0 4- O'* = 4CO* +5HHO.

Ether +Oxygen = Carbonic acid -+- Water.

Consequently, an atomic measure, or two volumes, of vapour of ether,

requires sixty volumes of atmospheric air to effect its combustion.

Theory of the Production of Etherfrom Alcohol.—A multitude of

explanations have been given of the process of etherification, and it is,

therefore, not easy to cite one that is free from objections. The radical

theory, however, shows us very simply how the metamorphoses may
occm-, although, like all other theories, it is without absolute evidence

to demonstrate that so they do occur. The constitution of alcohol is

H,C*H*0, that of sulphuric acid is H,SO*, that of water is H,HO, that

of ether is C*H^C*H^O, that of sulphate of ethyl is C*H^SO^ and that

of bisulphate of ethyl is C'ff,80'^ + H,SO^ These are the compounds
concerned in etherification, and these are the formulae applied to them

by the radical theory.
When alcohol is acted on by oil of vitriol, the change effected is as

follows :
—

H,C*ffO _ C*H^SO« Sulphate of ethyl.

H,S O*
~ H ,H0 Water.

If the alcohol is in a certain excess, this process goes on until there is

formed in the liquor a considerable quantity of sulphate of ethyl and
water. The sulphuric acid then ceases to act. The heat being con-

tinued, a point is reached at which the decomposition of the sulphate of

ethyl is effected thus :
—

C2ff,S0«) fC^ff,C^ffO Ether.

C*ff,SOH =
<^
H ,S OM Sulphuric

H,HO| I H,SO* f Acid.

The ether (CH^C^H'O) being extremely volatile, immediately distils

over, the sulphuric acid, freed from ethyl, takes up hydrogen and forms

H,SO*, and if alcohol flows into the retort (according to the continuous

process, No 2 above) the formation first of sulphate of ethyl, and then
of ether, is repeated continuously. But, since every two atoms of

alcohol, on being converted into one atom of ether, liberate one atom
of water :

—
H,C«ff _ C«ff,C«H»0 Ether

H,C*H*0
~

H,HO Water

it follows, that the water which is thus produced, and which for the
most part rests with the sulphuric acid, gradually weakens it too much
to enable it to decompose the alcohol. The process then stops.
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If othenv'ise, the sulphuric acid, and not the alcohol, is in a certain

excess, the free sulphuric acid combines with the sulphate of ethyl first

formed, and produces the double salt sometimes called bisulphate of

ethyl, and sometimes sulphovinic acid :
—

^h'so'
" C*H^SO*+H,SO« Sulphovinic acid.

This sulphovinic acid does not give off ether when heated. If it is

diluted with water and heated it gives off alcohol, and leaves sulphuric
acid in the retort :

—
C*ff,SO* + H,SO*) _ jH,SO« + H,SO«
H,HO j [H,C*ffO.

But if it is mixed with alcohol and heated, it then gives off ether :
—

C«H^SO^ + H,SO«] _ JH,S0* + H,S0«

If, therefore, sulphuric acid of sufficient concentration is kept up at a

certain temperature, and alcohol flows in continuously, the decomposi-
tion of alcohol, the formation of ether, and the separation of water, all

go on regularly, until the accumulation of water in the retort deadens

the power of the acid by too great dilution.

Sulphate of Ethyl

Formula^ CH^SO*; Equivalent ^ 77; Systematic name, Ethyla

sulphete.

Preparation.
—Pass anhydrous sulphuric acid into anhydrous ether,

kept cold by ice. A syrup-like liquor is formed, which is to be shaken

with its own bulk of ether and four times its bulk of water. When
the mixture is left at rest, sulphate of ethyl rises to the surface. It is

to be purified with milk of lime, w^ashed w^ith water, filtered, and dried

in vacuo. It forms an oily liquid, possessed of a burning taste and of

an ethereal odour like peppermint. It is readily decomposed by heat.

Theory of its formation :
—

Sulphuric anhydride S,SOn _ JC^H^SO«
Ether eH^C^ffOj

~
tc*H»,SO».

Sulphovinic Acid. Sulphethylic Acid.

FormulcL, C'H^SO* -f HSO*; Equivalent, 126; Systematic name,

Ethyla sulphete cum hydra sulphete.

I have explained the origin of this double salt in the article on

etherification, page 485. It may also be formed by gradually adding

anhydrous ether, perfectly free fi-om alcohol, to concentrated hydrated

sulphuric acid. The temperature rises rapidly, but must be prevented,

by cooling applications, from rising above 250^. When the operati

I
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is complete, and the mixture is diluted with water, nearly all the ether

will be found converted into sulphovinic acid :

4(H,S0«) y
= ^C^H^SO« + HSO«

J l H,HO.
The sulphovinic acid exchanges its replaceable hydrogen for other basic

radicals, and produces a series of salts which are called sulphovinates.
Thus with barium it produces the double sulphate C^ff,SO^ + BaSO*.

This salt, and all the sulphovinates, and nearly all the double sulphates

produced with other organic radicals instead of ethyl, are soluble in

water, even when they contain barytes, and this circumstance has led to

much dispute respecting the trae constitution of such salts, to which

disputes I have already referred at 20), page 417.

Chloride of Ethyl. Hydrochloric Ether.

Formula^ C'H^CI ; Equivalent^ ^4' 5 j Specific gravity of gas^ 32*25;
Atomic measure^ 2 volumes

; Specific gravity of liquid at 32° F., 0*921 ;

Systematic name, Ethyla chlora.

Prepared by distilling a mixture of 3 parts of oil of vitriol, 4 parts
of fused chloride of sodium, and 2 parts of alcohol. I need not repeat
that this and all operations with ethers of every kind require great care to

prevent accidents from explosions or fire. It forms a colourless liquid, very
volatile and combustible, sparingly soluble in water, freely in alcohol.

It is subject to a great variety of decompositions, of which I will notice

three,

i). If passed through red-hot tubes it produces hydrochloric acid

and vinyl gas :
—

C^H»,C1 = CH« + CH^ + HCl.

2). When heated to 212° in a sealed tube with an alcoholic solution

of potash, it produces chloride of potassium and common ether :
—

Chloride of ethyl C^H»,Cll jKCl
Potash in alcohol K,C*H^Ol

~
tc*H\C*H»0.

3 ).
If the vapour of this ether is passed over heated hydrate of potash,

water, vinyl gas, and chloride of potassium are formed :
—

Cm\Q\\ _JKC1 + HHO
KHo

j

"
tcH" + cm

Acetate of Ethyl. Acetic Ether.

Formula, C'H*,C*H^O*; Equivalent, 88
; Specific gravity of gas, 44;

Atomic measure, 2 volumes ; Specific gravity of liquid, o* 89 ; Systematic

nam£, Ethyla acetylete.

Prepared by distilling a mixture of 4 parts of acetic acid, 6 parts of

alcohol, and i part of oil of vitriol. The distillation is stopped when
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6 parts of liquid have passed into the receiver. It must be washed
with water, and rectified from chloride of calcium. It is neutral to

litmus. It has a burning taste, and an agreeable odour of apples. A
small quantity of it seems to exist in some wines and affect their flavour.

It is a good solvent for essential oils, resins, and pyroxilin.

Oxalate of Ethyl. Oxalic Ether.

Formula, C*H*,CO^; Equivalent, 73; Specific gravity of gas, 73;
Atomic measure, i volume

; Specific gravity of liquid, i '023 ; Systematic

name, Ethyla carbete.

Prepared by the rapid distillation of a mixture of 4 parts of alcohol

of sp.gr. '825, 4 parts of binoxalate of potash, and 5 parts of oil of

vitriol. A liquid, heavier than water, in which it is insoluble. Colour-

less. Has an agreeable ethereal odour and taste. Its boiling point is as

high as 364°. The specific gravity of its gas is remarkable. The
radical carbon being one of the kind that loses its atomic measure when

acting as a constituent of a gaseous salt (see page 138), the equivalent
of the salt is condensed into one volume, and its specific gravity coin-

cides with its atomic weight.

Decompositions of Oxalic Ether.—These afford some interesting re-

sults.

I
).
With an excess of hydrate of potash it produces oxalate of potash

and alcohol :
—
C«H',CO' + KHO = H,C«H»0 + K,CO«.

2). With an excess of the ether the products are alcohol and oxalo-

vinic acid, a compound of the same category as sulphovinic acid (see

page 486) :
—

eH',CO» + C^H^COM _ JK,C0« 4-C?'H',C0* Oxalovinate of potash.

+ KHO j

~
tH,C«H^O . . Alcohol.

The oxalovinic acid H,CO^ + C*H*,CO*, is a binoxalate or double

oxalate of ethyl and basic hydrogen, which hydrogen is replaceable by
a metal, or any other basic radical.

3). With an alcoholic solution of ammonia added in excess, oxalic

ether produces alcohol and oxamid (see page 378), and this forms a

good process for preparing oxamid :
—

C*H*,CO^ + NH^H = H,C«H'*0 + NH«,CO
Oxalic ether 4- Ammonia = Alcohol + Oxamid.

4). When the oxalic ether is in excess, the products of the decompo-
sition are alcohol, and a beautiful solid soluble in alcohol, insoluble ii

water, and crystal lisable into beautiful pearly tables, which has receive*

the name of oxamethane, but which is the ethyl salt of the oxamic acid

described at page 379 :
—
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C*H^CO' 4- C«H^COM ^ JC«H',CO^ + NH«,CO Oxametliane

+ NH^H j

~
t + H,C«H»0. Alcohol.

3).
If equal parts of oxalovinate of potash and sulpho-methylate of

potash are mixed and submitted to distillation, the product is a yel-
lowish oil, of sp. gr. 1*127, which boils at 330°, and produces a

vapour of sp. gr. 66, which is the double oxalate of ethyl and methyl :
—

Oxalovinate of potash

Cff,SO'-fK,SO*
Sulpho-methylate of potash \

C*H^CO^ + CH^CO«
Oxalovinate of methyl

K,vSO« + K,SO»

Sulphate of potash, 2 atoms.

The atomic weight of the compound C*H^CO« + Cff,CO« is 132,
and as its specific gravity is 66^ its atomic measure is 2 volumes.

Hence, the carbon has in this case also lost its atomic measure, and the

measure of the double salt is merely that of its two basic radicals.

Other salts of Ethyl.
—I cannot give room for farther details. It

may be taken as a general rule, liable of course to occasional exceptions,
that ethyl combines with all acids, and that its salts may be produced

by distilling ether with any special acid, sometimes with the addition of

oil of vitriol to take up hydrogen or water, the presence of which inter-

feres with the action desired to be effected between the ethyl and the

radical of the acid.

Salts of Methyl = CH^

If the reader compares the list of salts of ethyl given at pages 145,

146, with the list of salts of methyl given at pages 147, 148, he will

perceive a great family resemblance between them
;
and if I were to

give a detailed account of the constitution, preparation, properties, and

transmutations, of the salts of methyl, the account would greatly
resemble that which I have given of the salts of ethyl between pages

477 and 489. But as my object is to give general views of organic

chemistry, and not to teach the special history of each radical, I must
here refrain from any other detail than is necessary to explain two or

three particular compounds of the methyl series.

Methylk Alcohol. Wood Spirit. Pyroxilic Spirit.

Formula, H,CH^O; Equivalent, 32; Specific gravity of gas, 16;
Atomic measure, 2 volumes; Specific gravity of liquid at 32°, 0"82 ;

at 68°, o* 8 ; Systematic name, Hydra methylate.

Wood-spirit cannot be prepared, like alcohol, by a process of fer-

mentation. It is a by-product of the destructive distillation of hard

woods (see page 433), and is found in company with the acetic acid

and other fluid products of that distillation. These products, such as are

2k



490 SALTS PRODUCED BY BASIC RADICALS.

described at page 433 as being collected in the bent receiver, 6, fig. 378,
are rectififtd or re-distilled at the lowest possible temperature. By that

means the wood-spirit is driven over, while the other compounds, which

are only volatile at a higher temperature, are left behind. About i part
in 16 is thus distilled over. The wood-spirit is then put into a retort

with quicklime, and is again distilled. It passes over partially purified,

and the retort retains the residue of the acetic acid, the water, and the

tarry matters. To purify the wood-spirit still farther, it is saturated with

chloride of calcium, and the product is distilled at a steam heat. The

wood-spirit does not then rise, but other more volatile bodies pass away.
The residue is diluted with water, which takes from the chloride of cal-

cium the power to retain the wood-spirit. Heat being then applied,

wood-spirit distils over, mixed with a little water. A final distillation

with quicklime delivers it in a state of purity.

Properties of Methylic Alcohol.—It is a limpid, colourless, combustible

liquid, having a disagreeable burnt taste and odour. These are so

powerful that a small quantity has a great effect. This effect can be

communicated to ethylic alcohol ; and in consequence of that fact the

British Government has allowed ethylic alcohol to be sold for use in the

arts free of extravagant excise duty, provided it is mixed with as much

methylic alcohol as spoils it for use as a beverage. Methylic alcohol is

soluble in all proportions in water, alcohol, and ether. It mixes with

essential oils and dissolves fats and resins, and is on this account used

as a solvent of shell-lac, for the purpose of stiffening the solid part of

silk hats.

Just as ethylic alcohol forms the basis of the compounds of ethyl, so

methylic alcohol is the basis of the corresponding salts of methyl.

(
Hydride of Methyl.

Formula, H,CH^; Equivalent, 16; Specific gravity of gas, 8; Atomic

measure, 2 volumes.

Synonymes.
—

Light carhuretted Hydrogen; Gas of marshes; Fire-

damp of coal-mines. Systematic nam£. Hydra methyla.

Occurrence.—The gas of marshes is produced by the decomposition
of organic substances in stagnant waters. It can be collected as fol-

lows :
—Fill a flask with the marsh water, and, after inverting it in the

water, put a wide funnel into its mouth and stir up the mud at the bottom

of the water with a stick, holding the flask and funnel over the place that

you agitate. The gas will then rise in bubbles into the flask and dis-

place the water. The gas of marshes thus collected is accompanied by
carbonic acid gas, which can be separated by putting lime-water into

the flask, and shaking the mixture.

Marsh gas, with a minute admixture of spontaneously inflammable
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phosphuretted hydrogen gas, produced by the putrefaction of animal

matters, is the cause of the phenomenon called Will-o'-the-wisp.
This gas is also produced in coal-mines, and is the much-dreaded ^rg-

damp, which, when mixed with atmospheric air and exposed to fire,

explodes with extraordinary violence. Many persons are annually killed

by such explosions, occasioned by the introduction of lighted lamps into

the fire-damp. Accidents of this description are preventable by the use

of the Safety Lamp, invented by Sir Humphry Davy.
The Davy Lamp is a common oil lamp, having the flame surrounded

by a cage of wire gauze, h, in the figure, is the oil reservoir ;
a is the

mouth by which it is filled, and which
is closed by a screw

;
e is a wire move-

able in an air-tight stuffing-box, by which
the wick can be trimmed without opening
the lamp. The principle of this lamp is

as follows :
—

Davy discovered that flame

cannot pass through wire gauze having
more than 400 apertures to the square
inch. This fact can be easily shown by
means of a flat piece of fine iron-wire

gauze of 8 inches square. If this is

brought down over a gas-jet, and the

gas lighted above it, the flame does not

descend so as to inflame the gas between
the jet and the gauze. If the gas is first

lighted and the gauze brought down into

the flame, the flame spreads below the

gauze, but does not rise through it. At
the same time the cooling action of the

gauze upon the flame causes a quantity
of gas to pass through the gauze uncon-

sumed. Consequently, if a light is held 388.
above the gauze the gas inflames and
then burns both below the gauze and above it. Upon this fact Davy
reasoned, that if the lighted lamp came into an explosive mixture of

fire-damp with air, only that quantity of the gas would burn which
entered into the lamp, because the flame could not pass through the

cage to inflame the large mass of surrounding gas ; and so it proved in

practice. Since this beautiful invention was adopted explosions in coal-

mines have greatly diminished in frequency, and it is probable that the

'explosions which now too often occur are owing to a misuse of the

lamp. The miners, for example, open the cage in order to get a

stronger light. It might be an improvement upon the lamp to give it a

window consisting of a number of thin, round plates of transparent
mica about 2 inches diameter, closely screwed in a double round brass

2k2
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rim, soldered to the lamp in front of the flame. This lamp would give
much more light than the common form, and the mica would sutler

little damage either from heat or wet.

Preparation.
—

i.) Mix 4 parts of crystallised acetate of soda, 4 parts of

solid hj^drate of potash, and 6 parts of quicklime in powder. Put the

mixture into a gas-bottle of infusible glass, or a flask coated with a luting
of

fire-clay and borax, and apply a strong heat. Pure carburetted

hydrogen gas is given off in abundance, and can be collected over water.

The gas is derived from the decomposition of the acetic acid :
—

Na,C«H^O*l _ jKNa,CO' Carbonate of potash and soda.

K,HO \-\ H,CH* Hydride of methyl.

2). It can also be prepared from a mixture of io| parts of hydrate
of barytes and 10^ parts of anhydrous acetate of soda :

—
Na,C«H^O*l _ (BaNa,CO^
Ba,HO I

~
|H,Cm

Pr&pei^ties.
—A gas, specific gravity, 8

; Atomic volume, 2. Colour-

less, tasteless, inodorous. Unable to support combustion or respiration,

yet not poisonous. Insoluble in water. It burns readily in the air

when lighted at a jet, and gives a bright yellow flame. Mixed with

oxygen gas and inflamed it produces a violent explosion. It also

explodes when mixed with atmospheric air and inflamed. The products
of the combustion are water and carbonic acid :

—
H,CH«+ 0* =C0« + 2HHO.

Hence 2 volumes of this gas take 4 volumes of oxygen gas or 20

volumes of atmospheric air to burn it, and the products are 16 volumes of

nitrogen gas left hj the atmospheric air, and 2 volumes of carbonic acid.

This mixture constitutes the "
after-damp

"
which is left by an explo-

sion of fire-damp in a coal-mine, and being incapable of respiration is

often fatal to those who breathe it after having escaped destruction from

the violent explosion of the fire-damp.
A mixture of this gas with various properties of gaseous vinyl, CH*

(see page 395), constitutes coal gas, of which some notice will be given
in a subsequent section. See page 556.

Chloroform.

Formida, H,CCP ; Equivalenty 119*5; Sp^(^ifi(^ grauty of gas, 59*75;
Atomic measure, 2 volumes ; Specific gravity of liquid^ i '497 ; Systematic

name. Hydra chlorinic-methyla.

Preparation.
—

i). Chloroform is produced when gaseous chlorine is

mixed with gaseous chloride of methyl and exposed to the sun's rays :
—

Cff,Cl -f CI* = H,CC1' -f- HCl + HCl.

Chloride of methyl + Chlorine = Chloroform -f- Hydrochloric acid.
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2). Chloroform is produced by the action of potash npon chloral.

See page 446.

3).
It is more economically prepared by the action of bleaching-powder

upon dilute alcohol. It is manufactured on a large scale for use in medi-

cine.

Chloroform affords, like chloral (page 446), an example of a com-

pound containing a radical in which hydrogen is replaced by chlorine.

It is a colourless, volatile hquid. Its taste is sweet, and it has an

agreeable odour of ether. It is soluble in alcohol and ether, but scarcely
in water. It dissolves sulphur, phosphorus, iodine, fats, resins, and

caoutchouc.

Decompositions.
—

i). By a solution of potash in alcohol :
—

(K,CHO* Formiate of potash.

H,CCP -{. 4KHO = < 3KCI Chloride of potassium.

i2HH0 Water.

2). When distilled in a current of dry chlorine gas :
—

TT ma I n* — J CCPjCl Bichloride of carbon.
±1,^01 -f i.i -

I jj^^j Hydrochloric acid.

The compound commonly called bichloride of carbon would have the

systematic name of chlorinic-methyla chlora. It is the chloride of the

vice-methyl CC1^ It forms a gas whose specific gravity is 77, and its

equivalent 154, so that its atomic measure is 2 volumes.

Chloroform in the state of vapour possesses the wonderful power of

rendering a person who has respired it entirely insensible to pain. It

is extensively used for this purpose to lessen human suffering during
severe surgical operations. The vapours may be inhaled for this pur-

pose from a small quantity of the liquid chloroform placed upon a sponge
or a handkerchief, which is to be held before the nostrils and mouth.

The chloroform must be perfectly pure, and the experiment should not

be made except in the presence of a physician, who has had experience
of the operation, who is satisfied of the purity of the chloroform, and

who is acquainted with the constitution of the patient ;
for instances

have occurred of death produced by the breathing of chloroform. The

liquid should be colourless. It should give no colour when shaken

with oil of vitriol. It should not smell of chlorine. When a few drops
are rubbed on the hands and evaporated, no unpleasant odour should be

left.

Salts of Amyl = C^H^^

The salts of Amyl have so great a resemblance to the corresponding
salts of Ethyl and Methyl, that I may pass over all detail except that

which refers to the source whence the radical is derived.

Brandy was originally spirit of wine, spirit really distilled from wine
;

but there is little doubt that a good deal of the spirit that now bears the
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commercial name of brandy is the product of ingenious inventions

applied to the manufacture of this spirit from fermented solutions of

barley, of rye, and of potatoes. Certain it is that vast quantities of ardent

spirit are made from these substances, and equally certain is it, that the

spirit so produced can be greatly modified and improved in flavour and
odour by means of the essences to which I have referred at pages 3 87
and 482. This manufacture is not without its difficulties. Potato

spirit is not brandy, and when newly prepared and unsophisticated, it

manifests the difference by a peculiarly offensive odour and taste. That
ofFensiveness is due to the presence of a substance which is produced,
like the spirit it a^ccompanies, during the fermentation of the potatoes or

grain from which the spirit is distilled. The removal of that sub-

stance is effected by the process of rectification, or slow re-distillation,

at regulated temperatures. The raw spirit is a mixture of alcohol, of

water, and of the compound which causes the mixture to stink. These
are converted into vapour at different temperatures. Absolute alcohol

boils at 173° F., water at 212° F., and the ofl^ending liquid at 270° F.

The consequence of this difference in the boiling points of the mixed

liquids is, that alcohol mixed with more or less water can be distilled at

such a temperature as to separate it almost entirely from the liquid

whose presence is so undesirable. To free the spirit entirely from the

offensive taste and odour, it is distilled from, or passed through, a filter

of freshly-burnt wood charcoal. The offensive liquor thus separated
from potato spirit is called Amylic alcohol.

Amylic Alcohol. Potato Spirit. Fusel Oil. Fousel Oil.

Foimula, H,C*H"0; Equivalent, 88; Specific gravity of gas, 44;
Atomic measure, 2 volumes; Specific gravity of liquid at 59°, 0'8i84;
Systematic nmne. Hydra amylate.

The residue of the rectification of crude spirit of wine referred to in

the last paragraph is a mixture of water, alcohol, amylic alcohol, and

acetic acid. If it is diluted with water, and agitated, the amylic alcohol

rises to the top of the liquid in the form of an oil. It is to be purified

by rectification from caustic potash.

Amylic alcohol is a colourless, limpid liquid, which has a greasy feel,

a burning taste, and a penetrating and oppressive odour. It boils at

270°, and freezes to crystalline plates at— 4°. Very little soluble in

water, but mixes in all proportions with alcohol, ether, and the essential

oils. It is neutral to litmus. The vapour is very irritating when

respired. A drop placed on the tongue produces coughing, and a feeling

of disgust, giddiness, faintness, and loss of power in the lower extremi-

ties ;
and these unpleasant feelings are not wholly removed within 24

hours. Small animals are killed by it. The counter-poison for it is

ammonia. It is difficult of combustion, and burns with a bluish flame.
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From this liquor the salts of amyl are produced by processes analo-

gous to those described in reference to the salts of ethyl and methyl.
Thus, if you mix together 2 parts of acetate of potash, i part of fusel

oil, and i part of oil of vitriol, and boil the mixture in a test-tube, you
immediately perceive the agreeable smell of pear-oil, which is produced

by the acetate of amyl = C^H",C^H^O*. If the mixture is distilled in a

retort, and the vapour passed into water, you will perceive this com];)ound
collect in oily drops upon the water.

But this is not all. Just as the radical ethyl can be reduced from C*H'
to C*H^, and be made to produce acetates—just as methyl CH^, can be

reduced to CH, and be made to produce formiates, so can amyl be

reduced from C*H" to C^H", and be made to produce valerianates. See

page 453.
Here, then, we perceive some of the wonderful consequences of chemical

combination. The alcohols of methyl and amyl are extremely offensive

both to taste and smell
;

so are the hydrated butyric and valerianic

acids. Yet when these burning, biting, stinking things combine with

one another, the products are the series of essences (see page 387)
which give odour and flavour to our choicest fruits and liqueurs

— to

pears, apples, quinces, and pine-apples
—to rum, brandy, hock, and

tokay. The phlegms and refuse of breweries and distilleries become the

sweets and spirits of confectioneries and perfumeries.

THIRD SERIES OF EXAMPLES OF ORGANIC SALTS.
The Vinylates, or Saccharine Compounds.

I have shown, at page 384, the probable origin and the nature of

sugar, and the theoretical relations which its most important compounds
Ijear to one another. I may give, in this place, a few particulars

respecting their properties, modes of occurrence, extraction, and trans-

formations.

a). The Sugars.

Cane Sugar = C -f (CffO)".
—This is the sweetest and most soluble

of the different varieties of sugar, and that which can be procured from
the plant in which it grows most readily, most economically, and in the

greatest abundance. It is procured, however, not only from the sugar-
cane, but in America from the sugar-maple, and in France from the

l>eet-root. It exists in many other vegetables, from which it cannot be
extracted economically, such as carrots, turnips, the pumpkin, the

chestnut, &c.

When crystallised it has a sp. gr. of i
'

6. It is soluble in about

one-third of its weight of cold water, producing a thick liquid, called

syrup. The following table shows the percentage of sugar in some
solutions :

—
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Cane sugar is distinguished from some other kinds of sugar by two

reactions, one depending upon the fact that its solutions exert a right-

handed rotation upon a raj of polarized light, while some other kinds, but

not allother kinds, of sugar exercise a left-handed rotation. This reaction

requires a particular form of polariscope for its observance. The other

reaction is that which it exercises on a solution of copper, and which

gives rise to a process of centigrade testing, which is described in most

large works on chen;istry or on sugar.
Fruit Sugar. Fructose, Vinylate. CH^O.—This kind of sugar

exists ready formed in honey and in most ripe acidulous fruits. It can

also be prepared from most of the compounds of vinylate, C + (CH^O)",
such as starch, gum, or cellulose, by acting upon them with diluted

sulphuric acid. The odd atom of C takes up O^ and is disengaged, and

the compound vinylate is reduced to its simplest form, CH^O. When
its solution is made neutral by the addition of carbonate of barytes, and

is evaporated, it forms crystals of grape sugar, which differs from fruit

sugar, which is not crystallisable, by the accession of a small proportion
of water :

—
6CH*0 -f HHO = {CWOy -f Aq = C + (CH^O)^ + Aq^

Sometimes fruit sugar passes spontaneously into grape sugar. Thus,
the fruit sugar of fresh grapes crystallises into grape sugar in dried

raisins. It seems to me, however, that the differences of these sugars
have not been very clearly made out.

Glucose. Starch Sugar.
—The name grape sugar is often applied to

this kind, and nearly as often to fruit sugar. Its formula is

C + (CffOy + (HHO)^ or (CH^O)' + HHO.

The starch sugar is prepared from starch as follows :
— Water, containing

I per cent, of sulphuric acid, is made to boil, and into this boiling water
is slowly poured a fluid mixture of starch and water, previously warmed
to 1 20° F. The mixture must be kept boiling while the starch is being
added ; and after the starch is all added, it must be gently boiled f(n-

half an hour, by which time the starch will be converted into sugar.

During the boiling a peculiar odour is perceptible, which is due to the

disengagement of fusel oil. With 100 parts of water, 50 parts of
starch are used. The liquid is drawn off^ and the acid is neutralised by
the addition of chalk. It is then allowed to settle, and the solution is

poured off and evaporated down to sp. gr. i -28. Being then allowed
to settle, it deposits some crystals of sulphate of lime ; and it is then
set aside to crystallise, which it does after some days.

Conversion of Woody Fibre into Sugar.
—As the constitution of wood

is the same as that of starch, so can it also be converted into sugar.
Two parts of fine linen rags are to be ground up in a porcelain mortar
with three parts of oil of vitriol. The mixture is to be set aside for
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twenty-four hours, and is then to be largely diluted with water, and to

be boiled for six hours. By that time syrup is produced, and can be

separated from the acid by chalk and filtration, as described above.

From the above reactions it is seen that, though oil of vitriol destroys
cane sugar, it does not, when diluted, destroy the other kinds of sugar,
but acts as a useful agent in producing them from other forms of

vinylate.

Refining of Sugar.
—Two or three parts of sugar, are dissolved in one

part of lime-water, mixed with three or four per cent, of bone-black.

The mixture is heated by steam, and is filtered through cloth bags.
The reddish liquor thus procured is afterwards filtered through beds of

powdered animal charcoal or bone-black (see page 327), and the filtered

liquor is then evaporated for crystallisation. This is a process of con-

siderable difficulty, and is effected by means of elaborate apparatus, for

a description of which I cannot qxyq space.

Sugar of 3/??^.—Formula, CH^O, or C -f (CH^O)* + HHO. When
dried, it becomes C -\- (CH^O)*. Also called Lactin and Lactose. To

procure this compound from milk, convert the milk into curds and

whey, separate the curd, boil the filtered liquor to separate albumen,

again filter, and concentrate the whey by evaporation, until it reaches

the crystallising point. Then hang in it some pieces of wood, upon
which crystals of lactose will be deposited. The crystals are white,

translucent, and hard ; soluble in five or six parts of water ;
insoluble in

alcohol and ether. When boiled with dilute acids, lactose is converted

into fruit sugar.

h). The Starches and Gums.

Starch. C -f (CffO)*.
—This composition is equal to five atoms of

vinylate plus one atom of carbon. Compare it with the other com-

pounds of vinylate, page 384. It occurs in the form of oval or rounded

grains, never crystalline, in the cellular tissue of different parts of plants,

and in a great variety of different plants. Thus it is found in peas and

beans, in the seeds of wheat, oats, barley, and other grains, in the

potato, in the roots of the tapioca and arrow-root, in horse-chestnuts, &c.

The grains of starch appear to differ considerably in size, and somewhat
in form, in different plants. They all consist of little cells or bags, in

which the meal or true starch is contained, each of which cells seems to

have a point by which it was attached to the plant, of which it formed

a part, and by which it received its supply of nourishment. It is easy
to perceive the slight change by which vinylate, a solution of which in

water constitutes the blood of plants, is converted during the ripening
of the plant into starch. Thus :

—
6CffO - HHO = C -f 5CH*0.

Vinylate, 6 atoms — Water = Starch, i atom.

The forms of the grains of starch can be distinguished with a microscope
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that magnifies 300 or 400 diameters. With such a microscope, aided

by a })oiariser, interesting observations can be made on the starches.

The structure of the grains can be beautifully developed by the follow-

ing experiment :
—On an object-glass of the microscope place a drop of a

concentrated solution of chloride of tin, slightly tinged with free iodine.

Into this put some grains of starch. No change is evident till water is

added. The grains then turn blue, and gradually expand until some of

them acquire twenty or thirty times their original bulk. During this

expansion the skin appears to unfold a number of plies, and when fully

expanded looks like a flaccid sac.

Starch is insoluble in cold water, in alcohol, and in ether. But in

water heated to i 50° F. the granules absorb water and swell up, and

the mixture is converted into a viscous mass, commonly called starch

paste. If this mixture is greatly diluted, the swollen grains sink down,
but a quantity of starch remains in solution. If this solution is evapo-

rated, the dry residue does not recover its former insolubility in cold

water. A solution of starch produces right-handed rotation of a ray of

jx)larised light.

Potato Starch.—Rub some clean potatoes to a pulp on an iron grater.

Mix the pulp with water
; place it on a sieve or a piece of stretched

cloth, and put the sieve on a pan under a gentle run of water (as, for

example, from a water-bottle, page 238); stir the pulp about, upon
which a milky liquor will run from the sieve into the pan, and an

insoluble fibrous mass will remain in the sieve. When the milky

liquor has settled an hour, the starch will be deposited at the bottom

of the pan, and the water may be poured off and preserved for subse-

quent examination. Fresh water is stirred up with the starch, allowed

to settle, and then poured off, and this washing is repeated till the water

passes off colourless. The starch may then be mixed with water, and

run through a finer sieve, and finally be dried at a very low" heat.

Vegetable Albumen contained in Potatoes.—The first liquor that is

poured from the starch contains those constituents of the potato that are

soluble in cold water; among these is vegetable albumen. Boil the

liquor in a glass flask or a beaker, upon which it will deposit a flocky

greyish matter, which can be separated by filtration. This is the

albumen, a nitrogenised body, which is soluble in cold and in warm
water, but is coagulated by boihng water. Albumen occurs abundantly
in oily seeds, such as almonds, rapeseed, linseed, poppy seed, &c.

Burn a little of the albumen on a slip of platinum foil. It will

develop an ammoniacal odour, which indicates the presence of nitrogen,
and it is thus discriminated from starch.

Colouring Matter in Potatoes.—A fresh-cut potato is quite white, but
it gradually becomes brown. The expressed juice of the potato, or the

first liquor poured from the starch, gradually turns brow^n. This is the

case with many vegetable substances. The seeds of the sweet-pea have a
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bright-green colour when a pod, not quite ripe, is opened ;
but after a fe\

hours' exposure to the air and light they become of a dark-brown colour.

Starch from Peas.—Soak a handful of peas for some days in water

till they are quite soft. Pound them in a mortar with as much water

as will make a thin paste. Pass this paste through a linen cloth, or

rub it on a sieve. The result will be as with the potatoes ;
a milky

liquor will pass through the cloth, and woody fibre will remain within

it. The liquor, on settling, will deposit starch, and the clear liquor will

be found, when boiled, to deposit vegetable albumen. The starch must,
as before directed, be washed and dried.

Vegetable Casein in Peas. Legumin.
— The first liquor separated

from the peas-starch, and by subsequent boiling and filtration from the

albumen, is to be mixed with a small quantity of acetic acid, upon
which a white flocky substance will be precipitated. This is vegetable
casein (curd or cheese), a compound nearly related, in composition and

properties, to the curd or cheese procured from milk. It is rich in

nitrogen. It is distinguished from albumen by not being coagulated by

boiling water, and by curdling in the presence of an acid. Vegetable
casein is abundant in peas, beans, lentils, and other legumes. It is

thence sometimes called Legumin.
Starchfrom Wheat.—Mix a handful of wheat flour with as much

water as will make a stiff" paste or dough. It may be worked with the

hands or in a mortar. Tie the dough in a piece of thick linen cloth.

Put a pan under a gentle stream of water, and knead the bag of dough
between your hands under the water as long as the water flows from it

milky. From that milky liquor starch is deposited when it rests.

Gluten in Wheat.—On opening the cloth from which the starch has

been pressed, you find a grey, sticky, tough, tasteless substance, like

birdlime, which consists in part of woody fibre, but mainly of gluten or

vegetable fibrin, a compound which is very rich in nitrogen, and which,

partly for that reason, and partly from its tenacity, qualifies wheaten

flour to make good bread. It occurs in all descriptions of corn. When
dried, it forms a hard, brown, horny mass.

Albumen in Wheat.—If the water first decanted from the wheat starch

is boiled in a flask until it is somewhat concentrated, it deposits a small

quantity of flocks of albumen.

Comparison of the Substances furnished by Potatoes, Peas, and Wheat.

Free from Nitrogen. Containing Nitrogen.

Starch Albumen.

Woody fibre Casein, a little.

Starch Albumen.

Woody fibre Casein, much.

Starch Albumen.

Woody fibre Gluten, much.

Potatoes

Peas

Wheat
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Detection of Sulphur in Albuminous Vegetable Substances.—Boil 50

grains of pounded peas, with 30 grains of" caustic potash, in an ounce

of water, and from time to time apply drops of the boiled liquor to lead

test paper. This paper is white, but has the property of turning black

when wetted with a liquor which contains a soluble sulphide. After

some boiling, the potash will decompose the peas, and produce sulphide
of potassium, which will blacken the test paper. When this blackness

becomes decided, add to the mixture a few drops of sulphuric or hydro-
chloric acid, which will set free sulphuretted hydrogen = HS, a gas

easily recognised from its offensive odour of rotten eggs. Gluten and

albumen both yield this result.

When Nitrogenous Compounds rot and decay, they disengage Ammonia,
Carbonic Acid, and Sulphuretted Hydrogen.

—Put into a flask a little

gluten or some crushed peas, cover them with water ; connect the flask

by a gas-leading tube with a second flask, containing a small quantity
of clear lime-water, into which the tube must dip ; put between the

cork and the neck of the first bottle a long slip of lead test paper, so

that it hangs freely over the liquor in the flask
; put the apparatus in a

warm place.
After some time the gluten or peas will decay; sulphuretted hydrogen

will be produced, and will turn the lead paper black
; carbonic acid will

be produced, and will give a precipitate in the lime-water; and the

liquor in the first flask will smell of ammonia, and, if poured off and

mixed with a solution of caustic potash, it will disengage ammonia

freely.

Starchfrom other Vegetables.
—It may easily be produced from horse-

chestnuts by proceeding in the same manner as with potatoes. It is

also procurable from maize and rice.

Sago.
—The pith of the sago-palm yields a starch which undergoes a

sort of preparation at a steam heat, which produces sago. An imitation

of the foreign sago is prepared as follows :
—

Apply a gentle heat to

moistened starch contained in a capsule, under constant stirring, till it

becomes dry. The starch aggregates under this treatment into hard

homy lumps, which, when afterwards mixed with boiling water, swell

mp and produce a semitransparent jelly resembling true sago.

Tapioca, arrow-root, and salep are names given to varieties of starch

prepared from various plants.

Test for Starch.—Starch produces an intense blue colour when it

meets with free iodine. Dilute a drop of starch solution, and add to it

a little tincture of iodine : the solution will acquire a deep blue colour.

If the liquor is boiled, the colour disappears, but it returns when the

liquor cools. If the tincture of iodine is dropped on flour, potatoes, and
otiier amylaceous compounds, it produces this characteristic blue colour.
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Constitution of Boiled Potatoes and Baked Bread.—The composition
of lOO parts of raw potatoes is represented in the following table:—

Moist. Dried.

Water 75-9
—

Albumen .... 2.3 9.6
Oily matter .... 0.2 0.8

Woody fibre . . . 0.4 1,7
Starch 20.2 83.8
Salts I . o 4.1

When the potato is boiled, the watery juice is absorbed by the cells of

starch, which become distended, and the albumen is coagulated by the

heat, and serves to bind together the particles of starch by a sort of

network. By this means the watery juice of the potato is converted

into a solid substance of a light porous texture. In the same war
water mixed with flour and baked into bread becomes consolidated b\

the starch of the bread, so that the baked bread weighs more than the

flour of which it is made. These properties of starch explain the great

expansion which occurs during the boiling of many of our articles of

food, such as rice, groats, barley, beans, peas, &c.

The pores of bread are produced by the formation and liberation of

carbonic acid gas in the plastic dough. The production of this gas is

due either to the action of yeast upon the starch sugar of the flour, or to

the action of hydrochloric acid upon carbonate of soda, both mixed with

the flour and water employed to form the bread. When yeast is used,

the action is exactly like that which I have described at page 343, in

the article on Fermentation. With every equivalent of carbonic acid

which is produced, an equivalent of alcohol is formed and wasted, while

three equivalents of sugar are destroyed. See page 344. That is a great

loss to the bread
;
and it has also been urged against the use ofyeast as a

leavening material that, when it is of bad quality and used in excess, part

of it can withstand the destroying action of the oven, and, making the

bread liable to a subsequent fermentation, cause it to be unwholesome.

As the sole use of yeast appears to be that of liberating carbonic acid

gas, this purely chemical effect can be easily produced by inorganic

materials, which do not destroy the sugar of the dough. When hydro-
chloric acid acts upon carbonate or bicarbonate of soda, the sole product.-^

are carbonic acid gas and common salt, both of which are equally re-

quired in the bread. The materials are cheap, and the way of handling
them is easy. But sufficient chemical knowledge must be at command
to enable the baker to proportion the acid to the salt, and sufficient care

must be taken to insure purity in the materials, because if the hydro-
chloric acid of commerce, which often contains arsenic, were thought-

lessly used for this purpose, the result would be the introduction o{

arsenic into the bread. In the section on '*

arsenic," I shall show how

the purity of the hydrochloric acid can be tested.
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The action of hydrochloric acid upon carbonate and bicarbonate of

soda is as follows :
—

Carbonate - NaNa,CO' \ _ jHHO + CO^

Acid =HC14-HC1(
~

\NaCl + NaCl

Bicarbonate = NaH,C0^1 _ (HHO + CO^
Acid = H,Cl f

-
iNaCI.

In the first case, the liberation of 44 grains of carbonic acid is accom-

panied by the production of 1 17 grains of salt. In the second case, the

liberation of the same quantity of carbonic acid is accompanied by the

production of only 58^ grains of salt. A comparison of these facts will

enable the baker to see which of the compounds would best suit his

object, or whether a mixture of the tw^o salts would be preferable to

either alone. It may be necessary to disengage 44 grains of carbonic

*acid gas in a certain quantity of dough to insure a sufficient degree of

lightness or porosity; but for the resulting quantity of bread, 117

grains of salt may be too much, and
58-5- grains too little. The propor-

tions will probably vary according to the quality of the flour, and the

experience of the baker must guide him. If 44 grains of carbonic acid

are desirable, and 108 grains of salt are sufficient, that result will be

procured by liberating half the carbonic acid from carbonate, and the

other half from bicarbonate of soda. The relation of the carbonates of

soda to one another has been fully explained at page 354. The

purified hydrochloric acid could easily be tested by the centigrade

process, and have its strength so regulated by dilution as always to

be of known quality in reference to the kind of carbonate of soda

adopted for use in the bakehouse. The proportions of both could be so

exactly regulated, that neither acid nor soda nor salt should ever appear
in the bread in excess.

British Gum.—Roasted starch acquires the property of dissolving in

cold water, and forming a sticky liquid resembling a solution of gum.
This preparation is much used by calico printers to thicken their

coloured solutions and convert them into a species of ink suitable for

the mechanical operation of printing on cloth.

Dextrin = C -[- (CH'O)^.
—Make a thick paste by boiling potato

starch with water. Put this into a porcelain capsule,
and stir into it while hot a few drops of sulphuric

^

p-n
acid. The thick paste will soon become a thin fluid. ^^^^^Vf'
Place the capsule, 6, over a water bath, a, fig. 389,
and keep the water boiling in the bath until the mixture

in the capsule becomes transparent. The mixture itself

must not be made to boil. When the liquid be-

comes clear, chalk is to be added cautiously until the

mixture ceases to be acid to test-paper. It is then to

be removed from the furnace, the sulphate of lime is
^ ^*
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to be sejmrated by filtration, and the liquor is to be put in a warm

place to dry up. The residue is a brittle, glassy solid, with little taste.

It dissolves in water to a transparent, slimy solution, similar to that

produced by the Gums. It is not soluble in alcohol. It does not give
a blue colour with tincture of iodine. Its name is due to its producing
a right-handed rotation upon a ray of polarised hght. If the solution

of dextrin in the sulphuric acid water is made to boil, it is converted

into starch sugar. Dextrin is the principal ingredient of British gum.
Catalytic action of Sulphuric Acid..—I haVe shown, at pages 497 and

503, that sulphuric acid, in small quantities, acting with warm water,

changes starch into dextrin, and dextrin into glucose. These three

compounds have the same formula = C + (CWOy, but very different

properties. The sulphuric acid, which causes the change in properties,
loses nothing and gains nothing by the reaction. When saturated by
chalk, HSO* becomes CaSO*, as well after as before its action on the

sugar. This power of effecting chemical changes by mere contact, and

Avithont participation in the changes, has been called catalytic action.

This, however, is only a name for the phenomenon and not an explana-
tion of it.

Malt.—To prepare malt, barley is steeped in v/ater until it becomes

soft, which requires from forty to sixty hours, during which the water

is changed two or three times. The barley swells considerably, and

increases nearly one-half in weight. It is then drained, and placed in

heaps upon the floor of the malting-house for twenty-four hours, during
which it increases in warmth, and: begins to grow. It is then spread
over the floor of a dark room for about a fortnight, being turned over

with wooden shovels two or three times a-day. The temperature is

kept at about 60° F. By this time the root of the grain has extended

about half an inch. The grain is then spread upon perforated metal

plates, and air heated to 90^ is passed through the heap for some hours

to dry it. Heat is then applied below the metal plates, and the malt is

dried at 140^ ;
or if it is to be high dned, for the purpose of making

porter or dark-coloured beer, it is heated at a still higher temperature.

By this means the vitality of the seed is destroyed. Ten parts of barley

yield about eight parts of malt. During the process, oxygen is absorbed

and much carbonic acid given off, and a considerable change is effected

in the constitution of the barley. This originally consists chiefly of

starch and gluten ; but during the germination of the seed the starch

undergoes a species of fermentation, and is converted first into dextrin

and subsequently into sugar ;
in which state it becomes the food of the

growing sprout. This transformation is due to the action of a peculiar

substance called Diastase, which is produced in all germinating seeds.

In malt it exists in the proportion of i part in 500. ^et this minutp

proportion is sufficient to produce great effects, i part of diastase will

convert 2000 parts of starch first into dextrin and ultimately into sugar.
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This powerful action of diastase enables the brewer to dispense to a

certain extent with the operation of malting, because experience shows

him that the diastase contained in one part of malt will transform into

sugar the starch contained in four parts of unmalted barley.

Diastase.—Pour four ounces of warm water over half an ounce of

coarsely-pounded malt; expose the mixture for some hours to a gentle

heat, and then filter it through a linen cloth. This extract of malt

contains a small quantity of diastase. This compound, as stated above,

will, like diluted sulphuric acid, convert starch into dextrin and dextrin

into sugar.

a). Conversion of Starch into Dextrin hy Diastase.—Prepare starch

paste with half an ounce of potato-starch and four ounces of water.

Bring this paste to the temperature of 150^ F., using the apparatus,

fig. 389, and stir into it about one ounce of the extract of malt contain-

ing diastase. Keep the mixture at that temperature until it becomes

transparent and thin fluid. Then raise the heat till the mixture boils,

and after a few minutes strain it through a linen cloth and put it in a

warm place to dry up. The product is dextrin.

b). Conversion of Starch into Sugar by Diastase.—With the other

three ounces of the extract of malt act upon starch paste in the same

manner, only with the difference that a gentle heating, at from 1 50^ to

160^, must be continued for several hours. Dextrin is first formed, but

this is converted by continuance of the heat into sugar. The tempera-
ture of 1 50'^ is most favourable for the production of sugar. At a

boiling heat, the action of diastase is destroyed.
From these experiments it appears, that in the mash process, or the

preparation of wort for beer, it is the action of diastase which converts

the starch of the barley and malt into sugar. It is the subsequent
vinous fermentation of the beer, by means of yeast, which converts the

sugar into alcohol. During the early growth of plants from seed, the

diastase gradually converts the starch into sugar, and so feeds the

plant, until leaves are formed, to constitute the electrical batteries, by
which the water and carbonic acid of the atmosphere are converted into

vinylate for the subsequent sustentation and development of the plant.
How the quantity of Starch contained in the Potato varies according to

the time of gear.
—I have given, at page 502, a note of the proximate

composition of the potato. The following table shows the varieties

in the per centage of starch of one particular kind of potato when
examined at different times of the year :

—
In August .

September .

October .

November .

December .

10 per cent.
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In autumn, as the potato advances to maturity, the saccharine juic
is converted by the vital force into starch. In winter, the vital force is

dormant, and the per centage of starch remains for some time unchanged,
unless frost takes place. In spring, the vital force awakens, and the

per centage of starch diminishes, in consequence of its conversion into

sugar. It is well known that when the potato begins to grow, it

becomes soft, sHmy, and sweet. These signs betoken the presence of

dextrin and sugar. The process of change goes on in the earth, all the

starch is turned into the blood of plants, and the residue of the potato

provides, by its decomposition, carbonic acid, water, and ammonia, to

feed the growing plant.

The Ripening of Fruit is accompanied hy the conversion of Starch into

Sugar.
—

Unripe apples and pears are turned blue by tincture of iodine.

Ripe and sweet fruits are not turned blue. We may infer thence that

the starch is turned into sugar.

Frost conduces to the conversion of Starch into Dextrin and Sugar.
—

When potatoes have been frost-bitten, they become slimy and sweet.

Gums.—The account that has been given of dextrin shows that gum
holds a middle place between starch and sugar. Gums occur in many

plants. When fruit trees, especially cherry and plum trees, have had

^
their branches cut, gums in large quantity exude in glassy drops at the

wound, between the wood and the bark. The general presence of gum
in plants leads to the idea that it is an intermediate stage by which the

vinylate, or juice of plants, proceeds from the state of sugar to the states

of starch and fibre.

Gam Arabic. Arabin. C + (CH^O)".
—The most important an

most characteristic of the gums is gum arable, which consists of trans-

parent drops exuded from an African acacia. It is soluble in water,

with which it produces a tasteless, slimy liquor, the sticky qualities of

which render it useful as a paste or glue. It is not susceptible of the

alcoholic fermentation. It is convertible by sulphuric acid into dextrin

and sugar. It is insoluble in alcohol, so that the latter forms a precipi-

tate in an aqueous solution of gum.
Mucilage.

—This is a modification of gum, which does not dissolve i;

water, but swells with it into an extremely bulky, soft, sticky, glutinou
mass. Gum tragacanth is the best example of a gum consisting

i

mucilage. Cherry-tree gum consists in part of true soluble gum, bu

chiefly of mucilage. This substance also occurs in linseed and in marsh

mallow root.

Vegetable Jelly.
—This principle, like starch and gum, pervade

vegetables extensively. It is that which gives to many fruits and i'

the extracts of many roots the power to gelatinise. It is very wel

known, practically, to good housewives, who concern themselves witi

the preparation ofjams and jellies. Chemists have sometimes called i

Pectin and Pectic acid, and sometimes enumerated many varieties c
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Pectin, but it does not appear to be thoroughly understood. It occurs

not only in fruits, but in carrots, turnips, parsnips, &c.

c). Woody Fibre. Ligneous Structure.

The power of life slumbers in every grain of corn, in every pea, in

the minutest seed, in the eye of every potato. Heat and moisture

waken it up, give it active energies, and produce a result so wonderful,

that the more we examine it and reflect upon it the greater becomes

our astonishment and admiration. " The grain of mustard seed, which

is the least of all seeds, when it is grown, is the greatest among* herbs,

and becometh a tree, so that the birds of the air come and lodge in the

branches thereof."

The common garden bean consists of two lobes, or cotyledons, w^hich

contain the means of nourishment for the young plant. The plumule,
or embryo plant, is a small white point between the upper part of the

lobes, from which proceeds the radicle, or young root. The matter of

the seed when examined in its common state appears dead and inert
;

it

exhibits neither the forms nor the functions of life. But if it is acted on

by moisture, heat, and air, its organised and slumbering powers are

sj)eedily developed. The cotyledons expand, the membranes burst, the

radicle acquires new matter, descends into the soil, and the plumule
rises towards the fresh air. By degrees, the organs of nourishment of

dicotyledonous plants become vascular, and are converted into seed

leaves, and the perfect plant appears above the soil. Nature has

])rovided the elements of germination on every part of the surface of the

soil. Water, air, carbonic acid, ammonia, and heat, are brought by
the atmosphere, and the means for the preservation and multiplication of

life are at once simple and grand.
The plant having produced leaves, and a root, is then in a condition

to act upon the materials provided by the atmosphere and by the soil to

form vinylate, the juice or blood of plants, and the plant supplied with

this material has, by means of other agencies, the power of converting

vinylate into dextrin, into starch, into salts of the multitudinous acid

and basic radicals which we have taken into consideration, and into the

substance which gives coherence, mass, strength, and form to the

growing plant
—into its woody fibre or ligneous structure.

Cellulose = C 4- (CH^O)^—The cells and vessels of living plants
consist of woody fibre, for which reason that substance is called cellulose.

Woody fibre is for plants, what bones, muscles, and skin are for animals.

It gives them solidity, form, mass, strength, individuality. But it does

more, it forms on the roots and on the leaves of plants the mouths by
which it receives the water, carbonic acid, and ammonia, which are its

^"<^d. It produces the vessels in which these materials are converted by
mical and electrical forces into sugar, and the series of sap vessels by

2 l2
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which the sugar is circulated through the plant, converted as occasion

requires into starch, dextrin, or cellulose, and deposited as such in those

positions which the vital force prescribes for the good of the plant.

Pure cellulose is a white substance without taste, insoluble in water,

alcohol, ether, and oils. It is heavier than w^ater. It exists in a fibrous

state, and the fibres are transparent. Cold oil of vitriol dissolves it, and

produces a thick fluid, which at first contains dextrin and ultimately
starch sugar. The purest cellulose that can be obtained is fine cotton,

linen, and pure filtering-paper. Cellulose is not coloured blue by iodine ;

but after it has been a little acted upon by sulphuric acid, it gives a

blue colour with iodine, so that the action of the acid is to pass cellulose

through all the conditions of starch, dextrin, and sugar.
The purest natural cellulose is found in cotton, linen, elder pith,

rice-paper. Its physical characteristics and appearances vary in different

plants. It is soft, eatable, and digestible in the young leaves of flowers

and stalks of plants, and ir\ the flesh of certain fruits and roots, such as

apples, plums, turnips, and potatoes. It is hard and unfit for food in

the state of straw, w^ood, the husks of seed, and the shells of fruit. In

the wood of trees it is hard and compact ; in nut-shells it is yet harder

and denser
;

in flax, cotton, and hemp it is flexible and tough ;
in

tubers and roots it is loose and spongy ;
in the pith of elder and in cork

it is porous and elastic.

That the wood of trees does not consist of pure cellulose can be easily

proved by experiment. Soak a quantity of sawdust in w^arm water for

tw^enty-four hours. Press the liquor from the sawdust through a clotl

and boil the clear liquor in a flask, upon which it will be slightl;

troubled, and on cooUng will deposit a small quantity of vegetable
albumen. See page 499. The liquor, filtered from the albumen,

cantains small quantities of several other principles, such as mucilag>

gum, tannin, &c. If the sawdust is dried and then digested with spin;

of wnne, it yields resin and other substances not soluble in water, and

even after that, ether and other solvents would still extract sonie^

matters, none of which belong to cellulose, but all of them to oihei

vegetable compounds which existed in the tree when it was felled.

Gun Cotton. Pyroxilin.
—Mix equal parts of the most concentrated

nitric acid, sp. gr. 1*5, and the most concentrated sulphuric acid. Intc

fifteen parts of that mixture (placed in a porcelain evaporating basin

under a chimney with a good draught) plunge one part of finely-cardet

cotton. Immerse the cotton completely and immediately under th<

acid, and press it down with a pestle. After five minutes' soaking, lit

it out with a glass rod, and plunge it into a large quantity of water, t

w^ash off the acid. Change the water freqiiently, until the cotton, vvhe

laid upon blue litmus paper, ceases to turn it red. Squeeze the cotto

as dry as possible with the hand. Spread it out on a sheet of paper i

a cool place to dry. It is dangerous to warm it.



GUN COTTON AND COLLODION. 509

Any kind of cellulose maybe treated in the same way, such as paper,

linen, tow, or sawdust; but fine cotton and pure filtering-paper act

best. No change of appearance takes place in the cotton, but a great

change is effected in its chemical constitution and properties :
—

Composition :

Cellulose = C + C^H'^O^

Gun Cotton A = C + C^H ^N^O'^

Gun Cotton B = C + C^H ^WO \

Two other, much more complex compounds, were found by analysis to

exist between those marked A and B, namely, A -f 2B, and 2A -f- B,
but they were probably only mixtures of these two kinds. We have in

this transformation an example of the displacement of hydrogen by
nitrogen, (see page 413,) and in accordance with the usual law, each

atom of nitrogen carries with it into the new compound two additional

atoms of oxygen. As to the proximate constitution of these compounds,

nothing decisive is known. The gun-cotton A is made with the most

concentrated acids. It is highly explosive, soluble in acetic ether, and

insoluble in mixtures of alcohol and ether. The compound B is pre-

pared with weaker acids, and is scarcely explosive. It is soluble in

ether. For a particular account of different varieties of gun-cotton,
consult Hadow, Quarterly Journal of the Chemical Society, vii. 208.

The most remarkable ]iroperty of gun-cotton is the facility with which

it burns when heated or struck bj a hammer. A temperature below

400'^ is sufficient to explode it. When fired in ihe open air, it makes a

flash and is completely consumed without smoke or report. If fired

in a gun, instead of gunpowder, it explodes much more violently than

inpowder, but it does not propel a ball so far as a charge of gunpowder
A uuld propel it. The extreme facility and violence with which gun-
cotton explodes, makes it a dangerous thing upon which to experiment.
It is harmless when soaked in water and kept wet.

Collodion.—This is a solution of pyroxilin in a mixture of ether and

alcohol. When this mixture is poured upon an even surface, as a plate
of glass, it s])reads into a thin layer, the solvent evaporates, and the

iilm produced is employed in the process of photography. The gun-
cotton which makes the best collodion, is said to be that which has the

formula (C + C*H«N^O') + 2(C 4- C^H^N^O"). This is prepared bv
means of an acid mixture containing 89 parts by weight of nitric acid,

sp. gr. I '424, and 104 parts by weight of sulphuric acid, sp. gr. i
',83 3.

Tiie gun-cotton thus produced is soluble in a m.ixtiTre of 8 parts of

ether with i part of alcohol, and insoluble in acetic acid. When the

acids are stronger than the above prof)ortions, the gun-cotton produced
- more explosive and less soluble.

The action of heat on woody fibre will be explained in the section on

combustion and fuel.
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FOURTH SERIES OF EXAMPLES OF ORGANIC SALTS.

CoLOURixG Matters.

The blossoms of plants exhibit a multitude of colours of inimitable

beauty, but which are for the most part so transient, that they wholly

disappear when the blossoms are dried. The beautiful green which

gladdens our sight over the whole surface of the vegetable world,
cannot be extracted for use in the arts. If it were soluble in water, the

rain would wash it from the trees and meadows, and leave them

colourless and cheerless. The colours which can be extracted from

vegetables for practical purposes are found in all the organs of plants.
In the roots, in the wood, in the bark, in the petals, or the anthers of

flowers, in berries or in seeds. In some instances, the colours which are

made use of do not appear in the plant, but result from the chemical

transformations which are occasioned during their extraction or prepara-
tion. Most organic colours fade away under the action of sunshine,

moisture, and air. They are promptly destroyed by the action of oxide

of hydrogen, HO, and by chlorine. Many of them are also bleached

when exposed to sulphurous acid. The extraction of colouring matters

is usually effected by water, often at a high temperature. In some

cases, alcohol is employed as a solvent, but more frequently solutions of

alcalies, because the colouring matters either contain, or consist of

acid radicals. It is a consequence of their containing such radicals tliat

their solutions have the power to form precipitates with solutions
o£|

salts of lead, alumina, and tin
; precipitates which frequently have verj^

brilliant colours, and are known by the name of Lakes. In the arts of

dyeing and calico-printing, these lakes are formed on the cloth, the

metallic base being first applied as a mordant, and the colouring matter

subsequently superadded.
Yellow Dyes.

Curciimin, from the root of Curcuma longa, a resinous substance,

nearly insoluble in water ; soluble in alcohol and ether • soluble in acids,

retaining its yellow colour; soluble in alcalies, which change the coloiur

to bright brown. Commonly called Turmeric. Paper tinged yellow
with it is a common test in chemical laboratories for alcalies, by which

it is rendered brown. It is not so delicate a test as litmus. It is

used in the arts for dyeing wool and silk, and to colour curry^ powder.
Quercitron, the bark of the Quercus tinctorial contains a feeble acid

= H,C^ffO^. Old Fustic, or Morus tinctorioe. Used to dye woollens

yellow, or in conjunction with indigo and salts of iron, to produce

greens and olives. With alum and carbonate of potash, its solutions

give a yellow lake. Young Fustic, or Rhus cotinus, gives a different

yellow dye. With acetate of lead, it produces an orange-coloured lake.

Saffron consists of the anthers of the flowers of Crocus sativus. Its

chief use is to give colour to liqueurs and to confections for eating.
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Annatto, prepared from the seeds of the Bixa orellana. Used to dye
nankeen, Jihabarb. The root yields a yellow colour, which is change-
able to reddish-brown by a slight trace of free alcali. Weld, or Reseda

luteola, yields a yellow colour, much valued for its durability. Persian

berries, the fruit of the Rhamnas, contain a brilliant yellow colour.

Gamboge is the dried juice of Garcinia gambogia. Its use in water-

colour painting is well known. It is a powerfid purgative, and seems

to be the basis of most of the pills advertised by quack doctors as a

remedy for all diseases and a security for long life. The yellow dyes
are chiefly used with blues to produce greens and olives. They have

been to some extent superseded by chrome yellow, which gives a very
brilliant and more durable colour.

Red Dyes.

Madder is the root of the Rubia tinctonum. It is used in enormous

quantities for dyeing red. The finest and most durable red which can

be produced on calico, termed Turkey red, owes its brilliant colour to

this root. Madder has undergone much chemical examination, and

several colouring principles have been extracted from it. That which is

esteemed to be the true red dye is called alizarin.

Logwood is the wood of an American tree, the Hcematoocylon cam-

pechianam. Much used for dyeing blacks, violets, and blues, with

different mordants, such as alumina and iron. Acids change its colour

to red. Its colouring principle can be extracted without much difficulty.

Mix the powdered wood with quartz sand, and digest it with five or

six times its volume of ether for several days. Then distil off' the ether

till the residue thickens like syrup. Mix this residue with water and

set it aside in a vessel loosely covered. Crystals of Hcematoxylin will

be produced. These appear in the form of long, narrow, four-sided,

brilliant-yeliow, transparent needles. It is sparingly soluble in cold

water, freely in boiling water, in ether, and in alcohol. It is coloured

blue by alcalies. If a drop of its solution is placed on a flat porcelain

plate, and a drop of liquid ammonia is placed at a distance, on the same

plate, the haematoxylin soon assumes a beautiful purple colour.

Brazil Wood.—The wood of the Ccesalpina Braziliensis. The decoc-

tion in water dyes cloth with a beautiful but very fugitive red. Acids

give the solution a bright lemon colour, and alcalies change it to violet

or purple. With alumina it produces red ink.

Safflower is obtained from the petals of the Carthamus tinctorius. It

contains a useless yellow dye, and a fine red dye. The latter is called

^^arthamin. It is this colour which forms the Pink Saucers, and it is

n ployed to produce a beautiful and brilliant rose-red colour on silk.

Carmine is obtained from Coccus cacti, the colouring matter of the

insect called Cochineal. The powdered insect is treated with ether

to remove fat, a solution is then made with water, and precipitated with
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acetate of lead. The precipitate is well washed, mixed with water, and

decomposed by sulphuretted hydrogen, which precipitates the lead.

The filtered solution is evaporated to dryness over sulphuric acid in

vacuo. See page 284. The product is canninic acid (CH'O*). It is

a purple-brown mass, easily soluble in water and alcohol. Dissolves

unchanged in sulphuric and hydrochloric acids, but is immediately

decomposed by nitric acid and chlorine, which produce yellow com-

pounds. Fixed alcalies change the aqueous solution to purple. With
alum and ammonia a beautiful crimson lake is produced. With salts of

tin a bright crimson solution is y^roduced. Cochineal is extensively

employed with salts of tin as a scarlet dye for woollen cloth. Lac dye is

nearly related to cochineal.

Sandal Wood and Alkanet Root produce red dyes with alcohol.

They are too fugitive to be of much importance.

Blue Dyes.

Litmus, Cudbear, and Archil.—The colouring matters known in

commerce by the names of Litmus, Cudbear, and Archil, are pre-

pared from various descriptions of lichens. They dye very beautiful,

though very fugitive, shades of red, violet, and blue colours upon silk,

and have been much employed for that purpose. Perhaj^s the new
mauve colour, which is said to be fast, will interfere with their future

use. Litmus is, beyond all other colours, most easily changed by
chemical reagents. All acids redden it. All alcalies turn it blue. IJ
it is so prepared that its solution gives a pale purple tint when spread

upon pure paper, that colour is reddened by the most feeble acids, and

turned blue by the feeblest alcalies. No other colour affords a test of

equal delicacy. The preparation of delicate .test-papers is rendered

difficult by the impossibility of obtaining hard paper which is entirely

free from acid.

Indigo.
—This colouring matter is prepared in India and America

from the leaves of various plants of the Indigofera tribe. The Isatl-

tinctoria, or common woad, also yields indigo in small quantity. It i.-

the most important of the blue colouring matters. It does not exist

ready formed in its plants, the juices of which are yellow, but is formed

during the process of manufacture. It is a nitrogenous compound ;
all

its salts containing nitrogen, though its essential radical seems to be a

hydrocarbon, Indyl = C^H^ See page 411. I have investigated its

compounds very minutely, and shown their relations by fonnulae. See
" The Radical Theory in Chemistry ,^^ page 257. I can only quote two

or three examples of indigo compounds.
Indigo Blue, or Indigotine = NH*,C^H^O. An amidogen salt, in

which Indvl (TW is the acid radical.

Indigo White, or Reduced Indigo = NH\C«H»0 -f NH«,C«H»0.

Sulphate of Indigo = H,SO' + NH,C'H'; S0«.—This is a double
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sulphate produced by dissolving indigo blue in concentrated sulphuric

acid. Thus :
—

Preparation ofpure Indigo Blue.—Put a small quantity of powdered

indigo between two watch-glasses that are ground to fit together closely.

Apply a gentle heat. Much of the indigo will be destroyed, but a por-
tion will form brilliant copper-coloured crystals of pure indigo.

Preparation of Sulphate of Indigo.
—

Indigo blue is insoluble in water,

alcohol, and ether
;
but it is soluble in concentrated, or in fuming, sul-

phuric acid. The indigo should be ground fine, and be put with the

concentrated acid into a stoppered bottle, and be placed in a warm situ-

ation for 24 hours, being frequently shaken. If the acid is diluted,

or the mixture is exposed to the open air, so as to be able to absorb

water, another compound of sulphuric acid is produced with indigo,
which has a purple colour, and is not soluble in water. There should

be enough indigo present to saturate the sulphuric acid. The liquor so

prepared is used to dye cloths Saxony blue. Much diluted with water,

the solution of indigo is often used in physical experiments to render

water visible in glass vessels. The sulphate of indigo contains one atom
of basic hydrogen, which is replaceable by a metal. Thus, with potash
it produces an insoluble salt called blue carmine :

—

bulphate or mdigo I
'

tt c^a I _ J \r co« 1

^^^ carmme.

Potash . . . KiHOj 1 H, HO Water.

Preparation of Indigo White.—Indigo blue is converted into indigo
white, which is a soluble substance, by the application of w^hat are

called reducing agents, by which, in this case, is meant such as can

mmunicate to indigo blue a quantity of hydrogen. Compare the

rmulffi given above. Kub 30 grains of indigo blue with 60 grains of

I'lTous sulphate in crystals, and 90 grains of slaked lime. Put the

liiixture into a four-ounce stoppered bottle; fill it with water, put in

the stopper, and set it aside for some days. The indigo gradually loses

its blue colour, and dissolves into a clear yellow solution. Several

ictions concur to produce this metamorphosis. Firstly, the lime

duces the ferrous sulphate, producing gypsum and ferrous hydrate :
—

CaHO 4- FeSO' = CaSO« -f FeHO.
'ilie precipitated ferrous hydrate has a strong tendency to become ferric

hvdrate, and with it is present indigo blue, which has a strong tendency
take up hydrogen, in order to become indigo white. These double
iidencies operating together occasion the decomposition of water and

the liberation of hydrogen, as follows :
—
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Ferrous hydrate,4 atoms = Fe*H''OM _ jFec^H^O^ Ferric hydrate, 6 atoms.

Water, 2 atoms = H'H'O'
) j H' Hydrogen, 2 atoms.

See Theory of Meduction^ page 155.

These two atoms of hydrogen serve to convert one equivalent of

indigo blue into one equivalent of indigo white. The excess of lime is

usually described as acting merely as a solvent of the indigo white. It

may, however, form a definite ammonium compound with indigo-
white. Thus :

—
Indigo white ]™;^IJf!^] _ INH^C«H^0

Slaked lime Ca,HO J
^

The yellow solution produced as above described is called by dyers the

Copperas Vat, and is used to dye cottons and linens blue. The solution

of reduced indigo, if exposed to the air, rapidly takes up oxygen, to

which it gives up its acquired hydrogen, and again becomes insoluble

indigo blue. Thus, if a piece of white filtering paper is dipped into tlie

solution, and then exposed to the air to dry, it first becomes green and

then blue, the colouring matter adhering firmly to the paper. The

same result is produced when cotton yarn or calico is immersed in the

liquor and then air-dried. The blue thus produced is very intense,

because thoroughly WTOught into the fibres of the cloth, and very per-

manent, because blue indigo is insoluble in all ordinary solvents.

Experiments with Colouring Matters. -

i). Digest sandal-wood with spirit of wine, and filter the solution,

A slip of w^ood dipped into this solution acquires a fine blood-red

colour. In Germany the wood of furniture is often stained of this

colour, previous to being polished. The colouring matter of sandal-

wood is a resin, and insoluble in water.

2). Prepare decoctions of Persian berries, Brazil wood, and log-

wood, by boiling each with 12 times its weight of water in a glass

flask or a porcelain basin. The decoction of the Persian berries i

yellow ;
that of the Brazil wood yellowish-red ;

that of the log-woo
brownish-red. These colours are all soluble in ^vater.

3).
Put a little of each decoction into a separate beaker glass, add t<

each a solution of alum, and then a solution of caustic potash, as long a-

it produces a precipitate. The coloured substances thus thrown dowi

are Lakes, or colours in which alumina acts as a base, and the colourin

matters as acids. The potash is to neutralise the acid of the alum.

4). Prepare solutions of a) alum, b) stannic chloride, c) ferron

sulphate, d) caustic potash, and e) tartaric acid. Dip into each of ther

a slip of white filtering-paper, and dry it. Cut each slip into thre

pieces, and dip one slip of each preparation into the yellow die, the re

dye, and the blue dye prepared as directed in experiment 2) ;
after dif
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ping, dry them all. It will be seen that every slip has a different

tint of colour. The comparison will be helped by dipping into the dye

liquore slips of the same paper,/"), without previous preparation. Dry
the papers, and lay them in warm water. The colours will dissolve

from the slips prepared as directed d, e,/, but not from those prepared
as directed a, h, c. The salts by which these slips were prepared,

namely, alum, stannic chloride, and ferrous sulphate, are termed iiior-

dants. As substances possessing the power to fix colouring matters

upon the fibres of silk, wool, cotton, and linen, so as to be insoluble and

irremoveable, these mordants are of vast importance in the arts of dyeing
and calico-printing. In dyeing, the steps of process 4) are followed.

The goods are first saturated with the mordant, and are then exposed to

the colouring extract. In calico-printing, the mordant is printed in

figm-es, and the printed fabric is then dyed; in which case the dye
adlieres only to the printed figures.

FIFTH SERIES OF EXAMPLES OF ORGANIC SALTS.

Essences and Resins.

The odours of most plants are due to compounds which agree with

the formula H,R"; H,R"0; H,R"0^ andR^R''0^ namely, to hydrides,

aldehydes, and acids of hydro-carbon radicals, or to salts of those acids

with volatile basic radicals. There are, however, considerable difiiculties

attendant upon their examination ; one of these arising from the circum-

stance that several substances, essentially different in their characters,

have the same ultimate composition. I have no space to enter here

upon intimate details, but must confine myself to generalities.
The essences fall into two classes, the simple hydro-carbons H,R°,

and those which contain oxygen.
In some respects they resemble the fat or fixed oils. They are inflam-

mable, sparingly soluble in water, readily soluble in alcohol and in

ether. They are volatile, either alone or in company with the vapour of

water. For these reasons they are called Volatile oils. They differ from

the fixed oils in several respects ; they feel harsh and not unctuous to

the fingers, and the grease-stain which they make upon paper is driven

iway by heat. They occur in different parts of plants ;
in seeds, in

tiowers, in the skin of fruits, in the leaves of the plant. Sometimes

they are extracted by pressure, but more generally by distillation with

water. Though in a pure state they commonly boil at a higher tem-

rature than 212°, yet in the presence of steam or water at that heat

ir
volatility is increased, and they distil nearly at the boiling point of

iter. The method of conducting the distillation of volatile oils is

plained between pages 239 and 243. All such distillations should be

conducted with caution, to prevent accidents from fire or explosion.
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A. Hydrocarbons.

Essence of Turpentine. Oil of Turpentine. Spirit of Turpentine.

Formula C^H'',C*H^. Atomic weight, 136; Specific gravity of vapour^ 68
;

Atomic measure^ 2 volumes; Specific gravity of liquid, 0*864.

This composition is equivalent to valeryl (C^H^) plus angelyl (C*H'),
or camphoryl (C*H^). There is, however, no means of [proving that

this suggested composition is correct. A general survey of its related

compounds renders it probable.
Different species of pine tree, when wounded, exude a soft resin. An

example of such resin may be examined in Venice turpentine, which is

the resinous exudation of the larch. When this resin is distilled with

water it gives essential oil or essence of turpentine, a volatile, limpid,

very inflammable liquor, possessing a peculiar, well known, balsamic

odour. What remains in the retort is the solid substance called rosin,

or colophony.
Oil of turpentine boils at 320°, and is not altered by distillation. It

mixes with alcohol and ether, but not with water. It dissolves essential

oils, fixed oils, and resins, and is highly useful in the preparation of var-

nishes, for the solution of resin being brushed evenly over any object,

loses its turpentine by evaporation, and leaves a transparent coating of

resin upon the surface of the varnished object. Oil of turpentine also

dissolves sulphur, phosphorus, and caoutchouc. When rectified over lime

or soda it is purified from resin and from water, and is called camphine,

and under that name is used as fuel for a particular description of lamp

Volatile Oils, marly related to Turpentine in constitution, though differei

in odour and other properties.

Bergamotte Oil.—From the rind of the ripe fruit. Besides the hydro-

carbons C^H^.C^H^, it contains a solid substance C^H^O', which may b
an aldide H,C^HO, or possess some other equivalent composition. Al

these volatile oils are subject to become oxidised, and are no doubt con

vertible into aldides and acids.

Oil of Lemons.—From the rind of the lemon and orange.
Oil of Neroli.—From the blossoms of the orange tree.

Oil of Birch.—From the tar of birch-bark. Gives odour to Russi

leather.

Essence of Camomile, C'H^C^H''; also contains H,C*H70.—Whe
treated with hydrate of potash, this oxidised portion disengages hydn

gf^n, and is convertible into angelate of potash :
—

H,C^H'0\ _ jK,C-^H'0' Angelate of potash.
KHO j~|H + H Hydrogen.

Essence of Juniper.
—Its oxidised portion = C'H^C^H^O.
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OilofCarraway.
—Its oxidised portion, called Carvole, is C'H^C*H''0.

This, with hydrochloric acid, yields a liquid camphor

= eH7,Cl + H,C^H^O,

which is a compound of a chloride with an aldide of the same radical.

Oil of Cloves.—From pimento and cloves.

Oil of Ginger.
—

Intensely burning and aromatic.

Oil of Cubebs.—The composition of the hydrocarbons of this oil is,

according to per centage, the same as that of the preceding oils = C'"H'^,

but it should probably be stated thus :
—

With hydrochloric acid it produces corresponding compounds :
—

C'H^C^H7 _l_ H,C*H7) _ J2(C^H^C1)
HCl + HCl

j

~
IB.C'W

By oxidation the transformation is similar :
—

+ HHO
) 1 H ,C^H«0.

Essence of Capivi.
—Distilled from balsam of capivi. Also supposed

to contain C'-'^H**, and its crystalline hydrochlorate to be C'^H*"* + 3 HCl.

The first of these formulae is equal to C'W,C'W + H,C*H^ and the

second, divided by 3,
is C*H®,C1, the hydrogen of the hydrochloric acid

being just enough to convert all the C^H^ into C^H^
Essence of Hops is said to be a mixture of the compound C^H^,C^H'',

with a compound called valerole = CH'^O. This is equivalent to

C*H^,CHO, showing valeryl and forraylate. When treated with

caustic potash it produces valerianate and carbonate of potash, giving
ofi' much hydrogen :

—
C^H^CH01 r K,C^H^O^

3K,H0 \
= avK,CO^

H,HO J (6H.

Essence of Valerian contains the same substances as Essence of Hops,
with some others.

Oil of Thyme contains C*ff,C^H^ and its oxidised portion is thyraole
= H,C"*H'^0. This mav, however, be considered as the oxide of one

of the hydrocarbons H,C'"H'^0 = C^H',C^H^O.

B. Oxidised Essences.

Camphor.
—There are several varieties of camphor, all of which

are nearly related to the turpentines ;
that is to say, the radicals which

form the turpentines, when oxidised, form the camphors.
Laurel Camphor = C^H^C^H^O. Atomic weight, 152; Specific gravity

of gas, 76; Atomic measure, 2 volumes.—This is the common camphor
of the shops, derived from the Laurus camphora. Many of the volatile
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oils, which contain the radicals C^H^ + O'H'', produce camphor when
oxidised. In the first preparation of camphor, it is rudely distilled from

the chopped wood. A second distillation produces the blocks which

are found in commerce. It is afterwards refined bv sublimation from

lime in glass globes.

Camphor evaporates and exhales an odour at ordinary temperatures.
If small fragments are placed in water, they swim about with a rotatory

movement, and rapidly evaporate. A drop of essential oil placed on

the water stops this. The peculiar odour of camphor is known to most

])eople. It is tough, but can be readily pulverised in a mortar if moist-

ened with a few drops of alcohol. Its sp. gr. is '996. It fuses at

347°, and boils at 399°. Very inflammable; burns with a white

smoky flame.

Experiment.
—

Suspend a coil of red-hot platinum wire over a lump
of camphor. The metal continues to glow, and causes a slow but con-

tinuous combustion of the camphor.
Borneo Camphor = C^H^C^H^O.—This substance is so highly prized

in Japan as a remedy for rheumatism, that scarcely any of it comes to

f]urope.
Essence of Bitter Almonds. Hydride of Benzoyl. H,C^H*0.—To

prepare this essence, pound some bitter almonds, macerate them in

water for two days, and then distil the mixture, using a retort and a

good condensing apparatus. There is produced a fragrant oily liquid,

heavier than water, which contains the essence of bitter almonds, but

also hydrocyanic acid, benzoic acid, and benzoine. This liquor is much
used in perfumery in consequence of its peculiar and very powerful

odour; but it is extremely poisonous, in consequence of the hydro-

cyanic acid which it contains. The kernels of the peach, the plum, the

cherry, and other stone fruit, and the leaves of the laurel, yield this

essence in notable quantities. To purify the crude essence, it must be

shaken with a mixture of milk of lime and solution of ferrous chloride,

and then be re-distilled. What passes over is pure H,C^H*0 = Hydra
henzylate. See page 47 5.

This is not poisonous. It is inflammable, and

gives a smoky flame. It is soluble in 30 parts of water. It boils at 356°.
In contact with air it is converted into benzoic acid II,(7H*0*. When
heated with hydrate of potash it yields hydrogen and benzoate of potash,

H,C''H^O + KHO = K,C^ffO* -f H^

As the radical benzoyl (JW is very permanent, and endowed with

extensive powers of combination, this essence is capable of producing a

vast variety of compounds.
Essence of Cumin. Hydride of Cumyl. Hydrate of Cumyl.

Formula, H,C'"H"0 ;
Atomic weight, 148 ; Specific gravity of gas, 74;

Atomic measure, 2 volumes.—When the seeds of the Cuminum cyminum
are distilled with water they give over a distillate which contains the

t
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hydrate of cnmyl = H,C'«H"0, and a hydrocarbon = H,C"*H'^ the

hvdride of thymyl. They are separable from one another, and the essence

of cumin can be transformed into a variety of compounds, such as

H,C'°H"0* = cuminic acid
; H,C'"H''0 = cuminic alcohol, but which

ought to be called thymylic alcohol ;
C'"H"0 = cumyl, properly oxide

of cumyl ; K,C^*'H^'0 = cumylide of potassium.
Essence of Cinnamon. Oil of Cinnamon. Hydride of Cinnamyl.

Formula, H,C''H''0.
—Produced by the distillation of cinnamon and

cassia. It can be transformed into cinnamic acid H,C^H^O*.
Storax yields a compound called Styrone, or cinnamic alcohol

= H,C^H®0. This name is improper, because the radical C^W is

styryl, not cinnamyl. Styracin, also called metacinnamene, has the

formula C'*H'*'"0^ This is procured, in company with cinnamic acid,

from the Balsam of Peru, and from it the alcohol H,C^H^O is obtained.

Styracin ought to be formulated thus : C®H^,C^H''0*. It is the cinna-

mate of styryl.

Oil of Spircea. Salicylous Acid. Hydride of Salicyl. Formula^

H,C''H*0*; Equivalent, 122; Specific gravity of gas, 61 ; Atomic

measure, 2 volumes; Specific gravity of liquid, 1*173.
—Procured by

distilling the flowers of the meadow-sweet, Spircea uhnaria. When
pure it is a colourless oil. It decomposes carbonates with effervescence,

and produces crystallisable salts, both neutral and acid, according to

the formulee M,C'H^O^ and M,C^H»0^ + H,C^H^O^ It is isomeric

with Benzoic acid, but it is unknown what difference there is in their

proximate constitution. The radical salicyl has the formula C'H"*, and

the name of this radical C^H^ ought to be spiryl.

Essence of Garlic.—The distilled oils produced by garlic, onions,

leeks, cress, radishes, and assafa?tida, contain as a principal ingredient
the sulphide of Allyl

= C^H\S.
Essence of Mustard.—This is produced by the distillation of black

mustard-seed, after being crushed and digested with cold water. It is

also the cause of the pungency of horse-radish and scurvy-grass. The
active chemical substance present in this essence is the Sulphocyanide
of allyl

= C^HSS + CyS.

C. Resins.

The resins appear to be sub-oxides of the radicals which mainly form

e respective essential oils, or of the radicals which result from the

artial dehydrogenation of these radicals. Thus, oil of turpentine is

C^H^eH^ and the resm left by its distillation \sC'W,C'WO- while

some resins appear to be C^H^C^H^O, and others to be compounds of

these with liydrides C'H^H, or with aldides H,C'*H^O.

They are amorphous, brittle solids of various shades of yellow and

brown, semitransparent to opaque. Insulators of electricity, and nega-

tively electric by friction. Easily fusible
; combustible

;
burn with a



520 ESSENCES AND RESINS.

white, smoky flame. They are insokible in water, but soluble in alcohol.

Those which consist of acid radicals dissolve in alcaline leys, and pro-
duce a species of soap.

The resins are either produced by oxidation of the essential oils of

certain plants, or they are the residues left by the evaporation of essential

oils from natural resins. When they are heated to decomposition in

close vessels, their radicals split up into a great variety of new com-

pounds.
Common Rosin. Colophony.

—Left by the distillation of turpentine.
It enters largely into the composition of yellow soap.

Varnishes.—The resins that are mostly employed in the manufacture

of varnishes are Copal, Mastich, Sandarach, and Lac.

The solvents for resins employed in the manufacture of varnishes are

oil of turpentine, wood spirit, and spirit of wine. The resins are

powdered and mixed with broken glass, to prevent their baking into

lumps. A good varnish for maps and paintings is formed by 24 parts

of mastich, 3 of Venice turpentine, and i of camphor. These sub-

stances are mixed with 10 parts of pounded glass, and dissolved in 72

parts of rectified oil of turpentine.
Lac.—Lac is one of the most important of the resins. It is found in

commerce as stick-lac, seed-lac, and shell-lac. It exudes from the

branches of various tropical trees. Lac is much used as a stiffening for

hats. It is the main ingredient in good sealing-wax ; the common sorts

being made of rosin. Mix 48 parts of shell-lac, 1 2 parts of Venice tur-

pentine, I part of Balsam of Peru
;
melt at a gentle heat, and work

into the mixture 36 parts of vermilion. This produces sealing-wax
of fine quality. Lac is an important ingredient in hard varnishes.

Lacquer : 2 parts of lac, i part of sandarach, and a small quantity of

Venice turpentine, dissolved in 20 parts of alcohol, produce a lacquer

for brass and bronzed objects.

Balsams.—The balsams are natural mixtures of resins with essential

oils. Such are Canada balsam and balsam of copaiba. Some of them

contain the essential oils and aromatic acids which have already been

noticed, namely, balsam of benzoin, tolu, storax, and Pera.

Gum Resins are the milky juices of many plants solidified by exposure
to air. They are important as medicines. The following are among
them : ammoniacum, scaramony, aloes, galbanum, gamboge, myrrh, and

assafoetida.

Caoutchouc. Indian Rubber.—The solidified milky juice of many
tropical plants. As prepared for sale, it contains not only pure caout-

chouc, but the albumen and other ingredients of the juices of the plants

from which it exudes. The composition of pure caoutchouc is probably

equal to C^H^. Its sp. gr. is '92 to '96. It is very elastic, especially

when warm. Insoluble in water, but softens in boiling water. Not

acted upon by alcalies. Chlorine scarcely attacks it. Diluted nitric
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and sulphuric acids are inert, but when they are concentrated they

decompose it.

Caoutchouc readily dissolves in the following liquors : Anhydrous
ether, chloroform, xanthyl, coal naphtha (mineral naphtha), and rectified

oil of turpentine. From these solvents it can be separated with pre-
servation of its original properties. It can also be dissolved in the fixed

oils, but it cannot be recovered from them unchanged.

Waterproof cloth is formed by applying liquid caoutchouc to the sur-

foces of two pieces of suitable cloth, and then pressing the prepared
surfaces together by rollers.

Vulcanised Caoutchouc.—When caoutchouc in sheets is dipped into

melted sulphur at 250°, it absorbs from 12 to 15 per cent, of sulphur.
If it is then heated for a few minutes at 300°, but not above that tem-

perature, it produces the elastic compound called vulcanised caoutchouc,
which is now extensively used in sheets and ])ipes for innumerable pur-

poses. The clean edges of vulcanised caoutchouc do not adhere together
like those of pure caoutchouc; but, on the other hand, it has the advan-

tage, that tubes do not collapse and stick together when they are not

required to do so.

GuttcL, Perclia.—Gutta percha is the concrete juice of the Jsonandra

percha, a tree which grows abundantly in the Indian Archipelago. It

is a tough and flexible, but not elastic substance. At a moderate heat,

under 212°, it becomes perfectly elastic, and can be pressed, like wax,
into any desired form, which at mean temperatures it retains, becoming
hard and horny. Separate pieces can, if dry, be welded together by
heat, and so extremely ductile is it, that it can be made to copy the

finest mouldings or engraving with the most perfect fidelity. When
cold, it is hard and tenacious. When rubbed, it becomes negativeh'
electric. When dry, it is an excellent electrical insulator, aijd is on that

account used to cover the wires of telegraphs. If a thin sheet is rubbed
with a fur it becomes so strongly electrical that it can be used instead

of a pitch-plate as an electrophorus. See page 207. Gutta percha has

been usefully employed as soles for shoes, as waterproof materials, as

pipes for conveying water, and as bands for driving machinery.
The circumstance that gutta percha can be readily squeezed into the

form of various utensils, which do not break, and which resist the action

of the most corrosive liquors, renders it extremely useful in the arts.

It is quite insoluble in water. It is soluble in benzole, chloroform,

xanthvl, turpentine, and in most essential oils. Hydrochloric acid and

hydrofluoric acid do not act on it. It is therefore used for bottles to

contain hydrofluoric acid. Concentrated nitric acid destroys it rapidly,
and oil of vitriol slowly.

Experiments with Essences and Resins.

:. Warm ^ an ounce of Venice turpentine in an earthen pot till it is

2 M
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a thin fluid
; pour it into a gas-bottle of about lo ounces capacity, add

4 ounces of water, adjust a gas-leading tube to carry the steam into a

bottle carefully cooled by condensing water, and apply heat to distil

over about 3 ounce measures. Take the cork from the flask, and pour
the residue in it while hot into cold water. The distilled liquor consists

of water, with spirit of turpentine floating upon it. The solid residue

in the cold water is resin. The process of distillation is lully explained
in the article at page 236.

2. Pound in a mortar half an ounce of carraway-seeds ;
mix with

4 ounces of water, and distil over two ounce measures. The light oil

which gathers on the water is oil of carraway. For the method of sepa-

rating such oils from water, see page 242, article "Florentine receiver."

The distillation may be made with a flask, or with a retort and condenser.

3. Heat spirit of turpentine in a retort or flask, through the neck of

which a thermometer can be placed. The boiling point will be found

at about 320° F., whereas water boils at 212°. This difference is

shown by many oils. If oils take fire, the vessel should be covered to

exclude oxygen, without which the oils cannot burn. If water is cast

upon burning oil, the high temperature converts it into steam with

explosive violence. If volatile oils are mixed with water, and then

heated, they rise together in vapour at a temperature near to that of

boiling water,

4. Dip a slip of wood into oil of turpentine, and hold it to a light.

It readily burns with flame. If the cotton wick of an oil lamp, which,

when damp, lights with diflriculty, is moistened with a few drops of oil

of turpentine, it takes light readily.

5. Alcohol, mixed with one-eighth part of oil of turpentine, burns in

a spirit-lamp with a bright luminous flame without smoke. This flame

has a strong heat, and serves for glass-blowing.
6. The volatile oils are only slightly soluble in water, but sufficiently

so to give taste and odour to it. They are easily soluble in alcohol ;

mcfst of them in spirits of 80 per cent, of alcohol. A few of them, that

contain no oxygen, require absolute alcohol. Most of the beverages
which pass under the name of liqueurs are prepared in the cold way by

adding essential oils to alcohol. Formerly, these were prepared by

soaking the seeds, blossoms, leaves, &c., of plants in brandy, and then

distilling the mixture.

7. In half an ounce of alcohol dissolve a few drops of the oils of ber-

gamotte, orange-flowers, lavender, and rosemary. The mixture
willj

have a most agreeable odour. It affords an example of the process by]
which the innumerable scents of the perfumer are prepared, among tht

most celebrated of which is Eau de Cologne. Similar solutions are

employed in medicine ; thus, spirit of camphor is a solution of camphor]
in alcohol.

8. Aromatic vinegar may be prepared by dissolving in strong aceti(
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acid a few drops of the essential oils of cloves, cinnamon, bergamotte,
iind thyme.

9. Similar solutions of essences can be made with ether.

10. The fat oils and the fatty acids dissolve or mix with the essential

oils and produce odoriferous mixtures, more or less solid, kaown as hair-

oils and pomatums.
In the preparation of all kinds of perfumery care must be taken to avoid

raiicidity, that is to say, to avoid those fatty acids which possess per se

an evil odour, and so overpower the odour of the essential oils. When
fats become rancid they can often be deprived of rancidity by washins; with

hot water, in which the fatty acids whose odour is rancid are soluble.

11. If a piece of loaf-sugar is rubbed over the skin of a lemon or

orange, it breaks the cells that contain the essential oil, and absorbs the

oil into its pores.

12. Marine Glue.— Dissolve some chips of caoutchouc in mineral

naphtha, with which it forms a stiff paste. When this paste is melted

with shell-lac it forms a very durable cement for wood, stone, iron, &c.

13. Caoutchouc easily takes fire, and burns with a bright smoky
flame

;
at the same time, it melts to a black slimy mass. This melted

caoutchouc is usefully applied to prevent the fixing of glass stoppers in

bottles which contain alcaline leys ; for if the stopper is smeared with

it the caoutchouc retains its slipperiness for a considerable time, and the

smeared stopper remains moveable.

ORGANIC COMPOUNDS THAT CONTAIN NITROGEN.

The Ultimate Analysis of the Organic Compounds which contain

Nitrogen.

I have explained at page 371 the processes of destructive analysis by
which chemists determine the relative properties of the carbon, hydrogen,
and oxygen, which are contained in an organic compound. The carbon

is supplied with oxygen to convert it into carbonic acid, which is col-

lected and weighed. The hydrogen is supplied with oxygen to convert

it into water, which is also collected and weighed. Of the carbonic acid,

12 parts in 44 are carbon: of the water, 2 parts in 18 are hydrogen.
The quantity of oxygen is found from the loss sustained. That is to

say, if 30 parts of sugar of fruits are analysed, and you obtain carbon

12 parts and hydrogen 2 parts, then, deducting these 14 parts from

30 parts, you have a residue of 16 parts for the weight of the oxygen.
This result gives the formula CffO ; because C = 12, H^ = 2, and
= 16; together

=
30.

Before I notice the compounds which contain nitrogen, I must describe

the experimental means by which the quantity of nitrogen, present in

combination with carbon, hydrogen, and oxygen in an organic compound,
can be accurately determined.

2 M 2
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To ascertain whether or not an organic compound contains nitrogen,
a small quantity of it is mixed with hydrate of potash, and is heated

in a small glass test-tube. If nitrogen is j)resent vapours of ammonia
will be evolved, which can be detected by their odour and by their

action on reddened litmus paper. See page 320. When this is found

to be the case, two separate analyses of the organic compound are to be

made. The first to determine the proportions of carbon and hydrogen.
The second to determine the nitrogen.

The analysis for the estimation of nitrogen is founded on the test to

which 1 have just refen*ed. The nitrogenous compound is heated with

a sufficient excess of caustic alcali to convert the whole of its nitrogen into

ammonia, which is collected and weighed. What we have to consider

is, how to conduct that operation so as to insure accuracy in the results.

Experience has shown that the best form in which to use the caustic

alcali is in that of a compound which is called soda-lime. This is made

by slaking some well-burnt lime of good quality with a solution of caustic

soda, applied in such proportions as to yield a compound containing two

parts of quicklime to one part of hydrate of soda. The mixture is

evaporated to dryness, ignited, pulverised as quickly as possible, and

shut up in bottles with well-fitted stoppers, to keep the mixture as free as

possible from carbonic acid and moisture. Great care must be taken that

the soda used for this purpose contains no nitrate of soda, and that the

soda-lime contains no trace of nitrogen derived from any source whatever.

Mix the weighed quantity of the nitrogenous substance which is to be

analysed in a warm mortar, with a quantity of the above-described soda-lime.

Introduce the mixture into a combustion-tube, fig. 390; loosely plug up

590.

the mouth -of the tube, a, with a few fibres of recently-ignited asbestos,

and attach to the combustion-tube, by a good cork, the bulb apparatus,

fig. 391, or that which is generally preferred, fig. 392. The end, a, of
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either apparatus is that which is to be connected with the mouth of the

combustion-tube. The bulb apparatus is to contain a measured quan-

tity of diluted hydrochloric or sulphuric acid of a fixed strength, deter-

mined with the greatest care by the process of centigrade testing. There

must be more than enough of this acid to saturate all the ammonia
which the analysed compound can |:)0ssibly produce. The apparatus

being thus arranged, and the combustion -tube placed in a combustion-

furnace, heat is to be applied with the observance of the precautions

already explained at page 373. When the gas ceases to come over, the

decomposition is completed. The liquor in the bulbs then rises towards

the end a. At this moment the point h of the combustion-tube is

nipped off, and atmospheric air is drawn through the combustion-tube and

the bulbs in the usual way. See page 373. By this means the whole

of the ammonia produced by the nitrogen of the organic compound is

brought into the bulb apparatus, where it neutralises part of the test-

acid, but remains mixed with an excess of acid.

The liquor is now to be poured from the bulb apparatus into a beaker,

fig* 393, or a wide-mouthed flask, fig. 394, and tbe bulbs are to be

repeatedly rinsed with pure water,
to bring all the contents of the

bulbs into the flask or beaker. The

quantity of the test-acid in excess is

then to be estimated by a test-solu-

tion of caustic potash applied from
a centigrade test-tube, and the num-
ber of measures of test-potash so

applied is to be noted. 393. 39^,

Suppose that the quantity of test-

acid originally put into the bulb apparatus was sufficient to neutralise

3 grains of ammonia, and that the quantity of potash required to neutralise

the excess of acid at the conclusion of the analysis was equal to i grain
of ammonia, then the quantity of ammonia produced in the analysis was
2 grains, the nitrogen contained in which is estimated at the rate of 14
parts in 17. Of course this analysis does not convey the least infoi-ma-

tion respecting the condition, or form of combination, in which the

nitrogen exists in the compound that is submitted to analysis. All that

we know, or guess, of the proximate constitution of nitrogenous com-

pounds, is derived from experiments of another character—experiments
which radicals are transformed, but not destroyed.
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Compounds of Carbon and Nitrogen.

Cyanogen.

Formula^ CN, or Cy; Equivalent, 26; Specific gravity of gas, 26;
Atomic measure when isolated, i volume

;
Atomic measure when acting as

an acid radical in gaseous salts, i volume.

I have shown, at page 380, that when an ammonium, or an ami-

dogen, is decomposed by a force which abstracts all its hydrogen, the

liberated nitrogen acts upon any carbon, or carbonaceous radical, that

may be present, and produces a new acid radical, Cyanogen = CN, or

Cy, which, if any basic radical is present, or is producible among the

adjacent elements, forms with it a neutral salt—a Cyanide = M + Cy.

Advantage is taken of this principle in the manufacture of cyanides
for use in the arts. The cheapest ammoniacal compounds are employed :

blood, skin, horns, parings of hoofs, and other refuse animal matter, are

the materials of this manufacture. 5 parts of such substances with

2 parts of carbonate of potash and iron filings, are put into a covered

iron pot and ignited. The oxygen present in the mixture carries off the

hydrogen as water, and some of the carbon as carbonic acid, &c., while

the nitrogen, with an equivalent of carbon, forms cyanogen, and in the

presence of potassium and iron produces a triple salt, which in the

midst of this mixture and at the high temperature of a red heat is per-

fectly permanent. This salt is commonly called Ferrocyanide of potas-
sium, or the yellow prussiate of potash, the composition of which is

represented by the formula KCy + KCy -|- FeCy. When the fused

mass is become cold, it is digested in water; the solution is filtered,

evaporated, and crystallised, when it gives a magnificent yellow salt,

containing water of crystallisation, in accordance with the formula

KKFe,Cy^ -}- i^Aq. From this compound all the other cyanides are

prepared by various chemical reactions
;
even salts of ammonium can be

prepared from it, as I have shown at Section 4, page 357.

Preparation of Cyanogen Gas.— i. Take cyanide of mercury, dry it

at a gentle heat, put it into a tube-retort, and heat it gently with a

spirit-lamp. Cyanogen gas issues from the beak of

the tube, and may be burned there, producing a

purple flame. If you want to collect it, you must
use a mercury trough, as the gas is readily soluble

in water. But it is dangerous to make experiments

upon this gas, as it is poisonous ; and great care is required not to allow

it to escape into the apartment where the experiment is made. The

apparatus shown by fig. 311, page 319, may be used when the gas is

to be collected over mercury.
2. A mixture of 6 parts of dried yellow prussiate of potash, and

9 parts of perchloride of mercury, also gives oif cyanogen gas when
heated.
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Properties of Cyanogen.
—A transparent colourless gas of verv peculiar

and penetrating bitter almond odour
; poisonous if respired ;

soluble in

one-fourth of its bulk of water; reddens wet litmus paper; burns in air

with a beautiful purple flame
;
reducible by cold and pressure to the

liquid state. It is one of the gases most easily liquefied, i volume of

cyanogen gas requires 2 volumes of oxygen gas for combustion, and the

products are 2 volumes of carbonic acid gas and i volume of nitrogen

gas CN + 00 = COO -f- N. It may be detonated in the eudiometer,
but the explosion is rather violent and the action not quite accurate.

Liqmfaction of Cyanogen Gas.—Pass the gas-delivery tube which

conveys the cyanogen gas nearly to the bottom of a glass-tube receiver

of the form of fig. 396, a, the body of which

should be about ^ an inch wide and 5
inches

long. This receiver should be placed in a

beaker filled with a good freezing mixture. At
the temperature of — 4° F. the gas condenses

into a colourless limpid fluid. When enough
has been collected, the gas-delivery tube must
be slowly withdrawn, and then, by means of

a spirit-lamp and a blowpipe, the narrow neck

of the tube-receiver may be drawn out and

sealed, as shown by fig. 397, without lifting

the body of the receiver from the freezing mixture.

Such sealed tubes containing condensed gases are sometimes liable to

burst with violence if handled or warmed. That is not the

case with cyanogen ;
but as this gas is poisonous it is not

expedient to preserve such tubes, which may burst and spread
the poisonous gas through an apartment on an unexpected
occasion.

If potassium is heated in cyanogen gas, the gas is not de-

composed, but combines with the potassium to form a cyanide
= K,CN. It acts, therefore, like an acid radical, and it was,

indeed, the first compound radical that was discriminated.
/\

Hydrocyanic Acid. Prussic Acid.

Formula, H,CN or HCy ; Equivalent, 27 ; Specific gravity

of gas, 13*5; Atomic measure, 2 volumes.—In gaseous salts

the cyanogen retains an atomic m,easure of i volume, exclusive

of the measure of the basic radical with which it is combined.

Preparation of Hydrocyanic Acid.—Cyanogen and hydrogen
do not combine directly, but the combination can be efirected

by various indirect processes. The acid can be produced in an 397,

anhydrous condition, and also in solution in water.

A. Anhydrous Hydrocyanic Acid.—Hydrocyanic acid can be prepared

L
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bv distilling cyanide of mercury with concentrated hydrochloric acid.

The apparatus represented by fig. 398 is employed. The materials ai'e

put into the globular flask, and are heated over charcoal or a gas-light.
The flask is put into communication with a large glass tube, a h c.

The first half of this tube, a to 6, is filled with fragments of marble, and

the second half, 6 to c, with lumps of fused chloride of calcium. The
end c of this tube is connected with a long JJ-tube, placed in a freezing
mixture. Double decomposition takes place in the flask :

—
HgcCy + HCl = HgcCl + HCy.

The hydrocyanic acid being volatile distils over ; the fragments of marble

absorb any accompanying vapours of hydrochloric acid ;
the chloride of

calcium takes up water, and the acid becomes condensed in the U-tube
in a state of dryness and purity, excepting that it can retain a small

quantity of carbonic acid, expelled from the marble by the h\ drochloric

acid.

B. Diluted Hydrocyanic Acid.— i). This acid may be obtained readily

by making a saturated solution of cyanide of potassium, and dropping
into it as much tartaric acid as will precipitate the potassium in the

state of cream of tartar. When the preci})itate has subsided, the fluid

may be decanted, and slowly distilled, with a moderate heat, into a

receiver kept cool with water or pounded ice :
—

KCy + H,C«ffO^ = K,C^H*0^ + HCy.

2). Crystallised formiate of ammonia is decomposed by distillation

into hydrocyanic acid and water. This is an experiment which illus-

trates very elegantly the relation of the ammonium salts to the cya-
nides :

—
N,H^CHO« = H,CN -f 2HHO

Formiate of Ammonia = Hydrocyanic Acid + Water, 2 atoms.

3). The process described in the London Pharmacopoeia for the pre-

paration of medicinal hydrocyanic acid is as follows:—Suspend 48^
grains of cj-anide of silver in an ounce of water, and decompose it by

39^ grains of aqueous hydrochloric acid. Shake the mixture, and
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decant the clear liquor from the chloride of silver. The reaction here is

AgCy -}- HCl = AgCl -{• HCy. This solution contains two per cent,

of the anhydrous hydrocyanic acid. If excluded from the light, the

diluted acid is not so liable to spontaneous decomposition as the strong
acid.

4). Extraction of Hydrocyanic Acid from Bitter Ahnonds.—If a

piece of a bitter almond is put with water into the retort, a, fig. 399,

3^9.

and slowly distilled, the w^ater collected at c in the receiver will contain

hydrocyanic acid, as can be proved by applying the tests for cyanides.

See page 530.

Properties of Hydrocyaric Acid,—A colourless, transparent liquid, of

a strong and peculiar taste and odour, resembling those of bitter

almonds. It mixes in all proportions with w^ater. Its specific gravity

is 0*7. At
5-^

F. it forms a crystalline mass. It is exceedingly

volatile, and boils at 80° F. Though it forms a vast number of salts,

its acid reaction with litmus is feeble. It readily dissolves red oxide of

mercury.

Hydrocyanic acid is one of the most powerful poisons. Large
animals have been killed by a few drops placed on the tongue. W'hat

is said above as to the taste of it applies only to extremely dilute acid.

Instant death would follow the tasting of the strong acid. The prepara-
tion of this acid is accompanied by considerable danger, in consequence
of its ready volatility. The odour is to many_ persons very agreeable,

and in consequence, the extreme danger resulting from its presence is

apt to be forgotten.

Cyanides.

Synonymes, Cyanurets, PrussideSy Prussiafes, Hydrocyanates, &c.

Formula, M,CN or MCy.

Hydrocyanic acid may be regarded as the model of the simple

cyanides. It exchanges its basic hydrogen for any basic radical what-

er. H,Cy becomes M,Cy, and this M may be any metal or any basic

I
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hydrocarbon. Cyanogen combines equally well with the basylous
atoms and the basylic atoms. Thus two of its principal salts are those

containing Fe and Fee, producing FeCy and FecCy.
The simple cyanides combine with one another, so as to produce a

multitude of complex cyanides
—

double, triple, quadruple, &c. In all

of these varieties, it produces acid salts, that is to say, salts in which
one equivalent of hydrocyanic acid is combined with one, two, or three

equivalents of neutral cyanides ;
in some cases, all the basic radicals

being alike, in others different.

Hydrocyanic acid behaves towards hydrated alcalies precisely in the

same manner as hydrochloric acid. Thus, with hvdrate of potash it

produces cyanide of potassium and water, HCy + KJHO = KCy 4-HHO.
The cyanides of the alcaline metals are soluble in water. Those of the

heavy metals are insoluble. But many of the double and triple salts,

formed by these two classes with one another, are soluble.

Detection of Cyanides.
—Most of the metallic cyanides are decomposed

by hydrochloric acid, which produces metallic chlorides and free

hydrocyanic acid
;
but there must be no excess of hydrochloric acid,

otherwise the hydrocyanic acid is decomposed. A solution containing
free hydrocyanic acid acts as follows :

— i. It exhales the bitter almond
odour.—2. With nitrate of silver, it gives a white precipitate, soluble

in ammonia, but not in nitric acid, and which does not blacken when

exposed to light.
—

3.
Protonitrate of mercury gives reduced mercury.

—
4. Add a solution of protosulphate mixed with persulphate of iron,

then render the mixture alcaline by caustic potash, so as to cause a

precipitate of oxide of iron, and finally acidify the mixture by a few-

drops of hydrochloric acid. A precipitate of prussian blue will then

appear.

Examples of Cyanides.

The first names are suggested according to the principles of the

Radical Theory. The others are the names in common use.

A. Single Cyanides,

I.
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8. HFecCv'

9. KFecCf

10. FeFecCv'

1 1.

12.

14.

15'

HA^C^

HHFeCv^

B. Double Cyanides.

Hydra ferric cyanen.

Potassa ferric cyanen.

Ferrous ferric cyanen.

Hydra argenta cyanen.
Potassa argenta cyanen.

Hydroferricyanic acid.

Ferricyanide of potas-
sium. Red prussiate
of potash.

Turnbull's Prussian

blue.

Argentoprussic acid.

Argentocyanide of po-
tassium.

C. Triple Cyanides,

Hydren ferrous cyanine. Hydroferrocyanic acid.

KKFeCy^ = Potassen ferrous cyanine. Ferrocyanide of potas-
sium. Yellow prus-
siate of potash.

FecFecFeCy^ = Ferrenic- ferrous cyanine. Common prussian blue.

The names of the triple cyanides may also be written as follows .
—

13. FeCy + 2HCy Ferrous cyana bis hydra cyana.
1 4. FeCy + 2KCy Ferrous cyana bis potassa cyana.

15. FeCy 4- 2FecCy'. Ferrous cyana bis ferric cyana.

The above formulae and names differ greatly from those in common
use, but I am explaining the constitution of the cyanides according to

the radical theory, and not according to the numerous and complicated
theories in which the facts have, up to this time, been entangled.

Looking at these formulae, there seem to be no occasion for difficulty or

mystification. In group A, we have single cyanides, each containing
one basic radical and one atom of cyanogen. In group B, we perceive
that these simple cyanides combine together, just as the oxalates, the

sulphates, and many other salts combine together to produce double

salts, either acid or neutral. Thus, No. i = HCy combines with
No.

5
= FecCy, and produces No. 8 = HFecCy*, or as it may also be

formulated and named, HCy 4- FecCy = Hydra cyana cum ferric cyana,
in which shape its relation to the two simple cyanides is perfectly
evident. All the double cyanides may have formulae and names on this

plan. Again, we perceive other similar combinations of salts of the

first group in pairs, forming salts of the second group, such as—
KCy 4- FecCy = KFecCy' ,

No. 9.

reCv4- FecCy = EeFecCy'^ No. 10.

HCy 4- AgCy = HAgCy^ ,
No. 11.

KCy 4- AgCy = KAgCy^ , No. 12.

K
Proceeding to Group C, we perceive here a series of triple salts,
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carbonates bear to the oxalates, a relation which has been fully explained
at page 360. These triple salts consist in each case of three simple

salts, of the form shown in Group A. Thus,

No. 1 3
= HHFeCy^ is equal to HC7 + HCy + FeCy.

14 = KKFeC)^ — KCy 4- KCy + FeCy.
1 5

= FecFecFeCy^
—

FecCy + FecCy + FeCy.

Among these salts, the following have the most characteristic pro-

perties :
—No. I. HCy = Hydrocyanic acid. No. 2. KCy = Cyanide

of potassium. These are the two principal simple salts, and the model

of the monobasic cyanides. No. 14 = KKFeC)^ = Yellow prussiate
of potash is the salt which is manufactured for use in the arts, and is

therefore of the greatest practical importance. If the formula of this

salt is compared with that of No. i
5, FecFecFeCy^, we perceive that

two atoms of potassium in No. 14 are in No. 15 replaced by two ferric

atoms. In point of fact, when a solution of No. 14 is mixed with a

solution of any ferric salt, the salt No. -15 precipitates in the form of

a magnificent blue powder, long esteemed as Prussian blue. Ex-

amples :
—

Ferric chloride FecCl + FecCl I I KCl+ KCl Chloride of potassium .

Yellow prussiate KKFeCy^ J JFecFecFeC)^ Prussian blue.

With ferric sulphate, an oxidised salt, the action is this :
—

FecSO* + FecSO*
\ _ (KSO« 4- KSO* Sulphate of potash.

KKFfcCy' j

~
[FecFecFeCy' Prussian blue, No. 15.

This Prussian blue is therefore a triple cyanide
= FecCy -f FecCy+ FeCy,

in which there are two ferric atoms and one ferrous atom. We may
marvel that nature provides for such curious forms of combinations, but

she evidently does provide for them. Here they are, and it is needless

to dispute or discredit them.

When a solution of the yellow prussiate of potash is acted on by
chlorine gas, the following transformation takes place :

—
KFecCy^ \

KFecCy^ I Salt No. 9, 3 atoms.

KFecC)« J

KCl Chloride of potassium.

In this metamorphosis, two ferrous atoms are converted by the action

of the chlorine, according to the principle which I have explained at

pages 129, 155, &c., into three feme atoms. These, with three atoms

of potassium and the six atoms of cyanogen, make up three atoms of the

double cyanide, No. 9, which is commonly known as the red prussiate
of potash. The superfluous fourth atom of potassium combines with

an atom of the chlorine to form chloride of potassium
= KCl.

KKFeCy^ + KKFeCy
+ Cl
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This red* prussiate of potash also produces a kind of prussian bkie,

l.»ut of a different composition from the triple cyanide, No. 15. To

})roduce the salt which corresponds with the red prussiate of potash, a

solution of that salt is mixed with a solution of a ferrous salt, such as

the protosulphate or the protochloride of iron, upon which the following
double decompositions take place :

—
Ferrous chloride = Fed I _ J

^^^^ Chloride of potassium.
Red prussiate = KFecCy* j

"~

(FeFecCy^ TurnbuU's prussian blue.

Ferrous sulphate = FeSO* ) _ jKSO* Sulphate of potash.
Red prussiate

= KFecCy* j

"~

(FeFecCy^ TurnbuU's prussian blue.

The prussian blue which is produced when ferrous salts are precipitated

by red prussiate of potash, is called TurnbuU's prussian blue, because

Mr. Turnbull, a Glasgow manufacturer, was the first to produce this

particular kind of prussian blue. It is a compound of great use in the

art of dyeing.
On placing together the two kinds of prussiate of potash and the

corresponding varieties of prussian blue, we perceive clearly their

difference in composition and their relation to the two series of salts of

iron.

The two Prussiates of Potash. Corresponding Prussian Blues.

Yellow IvCv,KCy,FeCy = FecCy,FecCv,FeCy Common.
Red

'

KCy,FecCy = FeCy',FecCy TurnbuU's.

Many series of multiple cyanides, besides those which have Fe or Fee

as a constant ingredient, can be prepared. Nos. 11 and 12, page 531,
show the elements of a series containing silver, and other series exist

which contain cobalt and chromium as constant elements. The student

who wishes to have a more comprehensive account of the cyanides, is

referred to my work on the Radical Theory.

Cyanates.
—Salts in which cyanides are combined with one equivalent

of oxygen. Thus:—

HjCyO Hydrated cyanic acid.

AgjCyO Cyanate of silver.

Ureas.—When the cyanates have ammonium, NH\ or any vice-

ammoniums, for their basic radicals, they are called Ureas :
—

NH*,CyO Cvanate of ammonia, or normal urea,

NH^C'^H^ Cyb Urea containing ethyl.

There exist a great variety of ureas of this description. See page

420.
The cyanates can be produced by passing cyanogen into a solution of

caustic potash, whereupon both cyanide and cyanate are formed :
—
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Carbonic acid.

K,SO* Sulphate of potash.
NH*SO^ Sulphate of ammonium.
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KHO + KHOI j}^?/n .^'""^^
^M . r^ >

= <KCyO Cvanate.
^y + *^y

J iHHO Water

Cyanate of potash can also be procured by fusing cyanide of potassium
in a crucible and adding protoxide of lead:—

KCy + PbPbO = KCyO + Pb,Pb.
When the cyanic acid is liberated from a base by an acid, in the

presence of water, it suffers immediate decomposition, producing am-
monium and carbonic acid :

—
K,CNO
H,SO^
H,SO^
H,HO J

Compounds of Caebon, Hydrogen, and Nitkogen.

The Condition^ or Forms of Combination, in which Nitrogen is found in

Organic Compounds.

In the preceding pages I have endeavoured to explain by what

synthetic processes the innumerable and diversified compounds of

organic life are built up from the four elements, which are their chief

constituents. In so far as regards the three elements, carbon, hydrogen,
and oxygen, the facts and theories respecting them have been stated

fully, but I have only given incidental notices of the compounds which
contain nitrogen as an unfailing and characteristic ingredient. When
this element acts evidently as an acid radical, or as a constituent of an

amidogen or an ammonium, of a cyanide, or a cyanate, it falls within

the compounds which I have described. But it often occurs in com-

binations, the proximate constitution of which is doubtful and unknown,
and unfortunately this is especially the case with compounds of the

utmost importance in the animal body and among the materials of our

ibod and medicines. While the power of the chemist continues to be

thus limited, while it is impossible for him to separate from one another,

experimentally or mentally, the proximate ingredients of such com-
. pounds, he will remain unable to trace the causes of their meta-

morphoses, to point out how and why our food sustains us and our

medicines alleviate our sufferings, how plants are nourished, and what
is the mode of operation of the power which causes those chemical

changes to be effected by which carbonic acid and water are converted

into sugar, and by which sugar is converted into starch and wood, or

into the acids, the fats, the essential oils, and the innumerable salts

composed of radicals, amidogens, and ammoniums, which no doubt

form the proximate constituents of living plants and animals.

Take into consideration a few examples, which render manifest the

present state of the ignorance of chemists in this department. I find
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the following formulae of important animal compounds in a recent work

of great eminence :
—

2o(C^'H"N*0'".2HO) + 8H^NS + H*NP = albumen of eggs

(C^«H"N*0'\2H0) + H^NS + H^NP = fibrin of ox-bloo(i.

6(C^H^N*0''.2HO) + S*0^ =
fibrin-protein.

These formulae are the result of calculations after careful analytical

experiments. To me they are incomprehensible. Like figures reckoned

to billions and trillions, and quadrillions, they go beyond my powers of

j^erception. But just as far as they are comprehensible, they are

incredible. Between such formulae and tho»e which have hitherto

occupied our attention, there seems to be an impassable gulf. Instead

of seeing radicals and salts arranged in intelligible order, we look here

upon a thick mist, in which, and through which, no object is discerned

distinctly. This, indeed, is not the case with all the nitrogenous com-

pounds of the animal and vegetable kingdoms. So deep a darkness

does not extend over all the objects of our contemplation in those

regions. Bat there is unfortunately quite enough of it to make the

study of such organic compounds one of considerable difficulty. Let us

hope that some ])ower of analysis will speedily be discovered which will

help us to reduce these gigantic formulae into such as will harmonise m
simplicity and clearness and utility with those which the Kadical

Theory provides for compounds of the hydrocarbons.
Aniline.—A glance at the compounds of aniline will give the reader

some idea of the remarkable variations in the mode of action of the

element nitrogen. I select the following formulae from amongst one

hundred that are collected in my treatise on the Radical Theory^ where
this subject is discussed fully :

—
1 . NHjCH^ ;

H. This is anihne, the hydride of a vice-amidogen ;
or

an ammonia, in which H' has been replaced by phenyl
= C*^H^

2. NH^C^H^;C1. Li this case the vice ammonia, or hydride of a

vice-amidogen, is converted, by combination with hydrochloric acid, into

the chloride of a vice-ammonium.

3. NH^C^H'; NO^ This is a nitrate of the same vice-ammonium.
Here nitrogen acts in two conditions, as it does in common nitrate of

ammonia, namely, basicm the state of hydride, acid in the state of oxide.

4. Nff,C^O^ ; CO*. The corresponding oxalate of the vice ammonium.

5. NH,C^H^ CO. The amidogen salt derived from No. 4, and

corresponding to oxamid. See page 378.
6. NH,C«H^CO + HCO^ This is the amided acid which corre-

sponds with oxamic acid, page 379.

7. NH,C®H^;NO^ The amidogen salt which corresponds to the

ammonium nitrate. No. 3. Nitrogen is here acting in two conditions.

8. NHjC^H^ ; Cy. Tlje cyanide of the vice-amidogen. Here again
nitrocjen exists in two conditions.



536 ORGANIC COMPOUNDS CONTAINING NITROGEN.

9. NH,eH^Cy + Kff,C«ff;Cl. A compound of No. 8 with

No. 2. In this compound, nitrogen exists in three conditions—in

amidogen, in ammonium, and in cyanogen.
10. NH,C'ff; NO* 4- HCyO. A compound of the amidogen salt

No. 7, with hydrated cyanic acid. The nitrogen is here in three

different conditions— in amidogen, as an acid radical in NO*, and as an

ingredient in the cyanogen of the cvanic acid.

11. NH,C«H^ Cy + Nff,C«ff ';
N0^ A compomid of No. 8 with

No. 3.
In this double salt, the nitrogen exists in no less than four

different conditions— in amidogen, in ammonium, in cyanogen, and in

nitric acid.

These few examples serve to show the immense difference between

the ultimate and the proximate analysis of a compound. If we take the

last example, and throw the elements into the form of a unitary or

clump formula, as given by an ultimate analysis, we have C'^H'*N^O'\

By transposing these elements, we might produce a very great variety
of formulas for the compound No. 1 1 without hitting upon the true one.

It is not by the arbitrary and fanciful arrangement of letters and figures
that true formulae are produced. It is from the study of the nature and

properties of compounds, of the methods of producing them, and of the

results of their decomposition, under the various circumstances which

chemists have agreed to fix upon as standards of comparison, that in-

formation is gained which leads to an accurate knowledge of the proximate
constitution of chemical compounds, and which points out the formulae

by which the accurate knowledge so acquired is expressed and recorded.

Organic Bases.—Owing, however, to the diversity of conditions in

which nitrogen occurs in organic compounds, it is frequently impossible,
even after the most patient and careful examination of all the ascertain-

able properties of nitrogenous compounds, to fix their formulae unex-

ceptionably. This, for example, is the case with the substances that

commonly bear the names of Alkaloids, or Organic Bases. These are

compounds of great importance as medicines, as ingredients in articles

used for food or beverages, and as virulent poisons, against which it is

necessary to take suitable precautions. The ultimate constitution of

these compounds is known, but their proximate constitution remains

doubtful and uncertain. •

Names and Formulce of several Alkaloids.

C'»H^*N*0* 4. 3 Aq. Quinine. From Pemvian bark.

C'«H*-'N*0' + HSO' 4- 3iAq. Its disulphate.
C^H'^N'O^ 4- 2HS0'4- 7Aq. Its acid sulphate.

C'^H'^NO' 4- Aq. Morphia. From opium.
C'^H'^NO' 4- HCl 4- 3Aq. Its hvdrochlorate.

C'^H^'NO^ 4- HSO' 4- 2^Aq. Its sulphate.
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Q2ifj22j^2Q2^ Strychnine. From mix vomica.

C^'H^^N'O^ 4- HSO' + 3iAq. Its sulphate.

C'H'^N^O'' + Aq. Theine and Caffeine. From tea and coffee.

C^H^N. Nicotine. From tobacco.

C^H'^N. Conia. From hemlock.

The preparation and purification of these compounds demand con-

siderable skill, experience, and expenditure of money. They form only
a small percentage of the substances from which they are extracted, and

they are combined or mixed in those substances with many other organic

compounds, from which, in some cases, they can only be separated by
complicated processes, involving the use of large quantities of pure
ether, alcohol, and other expensive reagents. The details can be found
in any large work on Organic Chemistry.
A peculiarity will be noticed in the manner of combination of the

alkaloids with the hydrated acids. The combination is effected without

separation of hydrogen or oxygen. A hydrated alkaloid combines with

a hydrated acid. There is no separation of water, such as occurs when
caustic potash, or any other hydrated basic radical, combines with

hydrochloric acid or hydrated sulphuric acid :
—

KHO + HCl = KCl + HHO
N^HO + H,SO^ = NH^SO^ + HHO.

The inference which this peculiarity forces upon us is, that the alkaloids

are complete salts, which combine, as such, with hydrated acids, to form

double salts, and not to form simple salts, in which the alkaloids act as

basic radicals. Yet this observation does not enable us to discover in

what form of combination nitrogen exists in these remarkable com-

pounds ; nor does it even enable us to determine the true equivalents of

the alkaloids. Thus, quinine may either be e°H^'N^O^ or C'«H'^KO;
and Theine may be either C«H^N^O^ or C*H*N^O.

In consequence of the difficulties which attend the investigation of

nitrogenous compounds, and of the small space which this volume can

afford for a subject which cannot possibly be brought within the range
of elementary and popular explanation, I shall close this section with a

few brief notices of those animal compounds which derive importance
from their relation to the important subjects of food, digestion, and

respiration, referring the reader who wishes for greater details to the

larger works on Organic Chemistry, written by Gregory, Miller, Gmelin,
Gerhardt, and other chemists of the present era.

FOOD, DIGESTION, AND RESPIRATION.

Examination of an Egg.—In this case we have to consider the

white, the yolk, and the shell.

I
White of E(jg. Albumen.—The white of an egg consists of cells,

1



538 FOOD, DIGESTION, AND RESPIRATION.

which contain a transparent colourless liquid, having an alcaline reaction.

Of this liquid seven parts in eight consist of water, and one in eight of

solid albumen. When heated, this mixture coagulates. When beaten

with rods, it forms a thick foam. The properties of this animal albumen
resemble those of vegetable albumen, already described at page 499.
Its extremely complex constitution I have referred to at page 535. The

following formulae are given by other chemists. They serve to show

approximately what is the ultimate constitution, but prove that, of the

proximate constitution, chemists know nothing :
—

a). C'««N^«S^H"'^0^ besides phosphates,

h). NaHO,C^^H"»N'«S«0'',Aq.

Use of Albumen as a means of Clarifying Turbid Liquors.
—Coffee,

syrups, and other turbid liquors can be rendered clear by means of

albumen. Make a syrup with warm water and honey, add to it a little

liquid white of egg, and boil the mixture. When the albumen coagu-

lates, it takes with it the solid particles which swim in the liquor, and

a subsequent filtration renders the liquor perfectly clear.

Yolk of Egg.
—It contains water and albumen, a little casein, and a

considerable quantity of fat or oils, consisting of margarin and olein,

with an oil which contains ])hosphorus. The oils can be squeezed out

from a hard-boiled egg, or be extracted by ether, in which they dissolve.

Both the white and the yolk of egg contain earthy salts. When
they are burnt they leave these as ash. The white of egg leaves

chloride of sodium, carbonate, phosi)hate and sulphate of soda and

of potash, and phosphate of lime and magnesia. The yolk yields the

above, and in addition a little iron. The chief mineral ingredients are

the potash salts and earthy phosphates.

Egg-shell.
—Fit up the apparatus, fig. 400. Put some egg-shell into

the gas-bottle, and lime-water into the

wash-bottle. Add hydrochloric acid by
the funnel. Carbonic acid gas will be

disengaged, which will give a precipitate

of carbonate of lime in the wash-bottle.

The egg-shell will all dissolve except a

gelatinous skin. The solution in the gas-
bottle will be found to contain chloride

of calcium, mixed Avith a quantity of

phosphate of lime. The lime and the

phosphoric acid may both be detected by

apyjlying the appropriate tests. These

experiments show that egsj-shell consists

400. of carbonate of lime, a little phosphate
of lime, and some gelatinous membrane.

Milk.— !Milk consists of water, holding casein and milk-sugar in



CREAM. BUTTi!r. 539

solution, and butter in a state of admixture. The latter appears to be in

small balls, enclosed in membranes. These give a partial opacity to

milk. If milk is mixed with a little dilute acetic acid, this membrane
of the butter balls becomes visible under the microscope.

Cream.—When fresh milk is allowed to stand undisturbed for a few

hours, the fatty matters rise to the surface, and form a layer which is

called cream. As this is an important part of the milk, its measure is

frequently taken as an estimate of the quality of the milk. The test is

made bv means of a graduated instrument called a

Lactometer^ fig. 401. This has a scale of 100 parts.

The milk is poured in up to o, the instrument is closed

with a glass stopper, and set aside in a cool place for

24 hours. In warm weather it should be placed in a

vessel of cold water. When the cream has settled at

the top of the milk, the quantity can be read off on the

engraved scale. It usually amounts to 4 or
5 parts in

100. The contents of the instrument should not be less

than 100 septems. In important experiments, to find

the relative value of different cows, or of different systems
of feeding, it is better to use larger quantities of milk,
such as the tenth part of a gallon, in which case the

vessel, represented by fig. 79, page loi, may be em-

ployed as a lactometer. The object of closing the vessel

and of putting it into cold water is, to cut off atmospheric

influences, which much interfere with this trial in hot

stormy weather. The cream rises most readily when
the milk is diluted and well mixed with an equal bulk of water.

Butter.—The separation of cream from milk is an imperfect aggrega-
tion of the butter. In the separation of butter, in the large way, the

cream is churned, or beaten up mechanically, by which process the mem-
branes of the butter-balls are broken, and the butter is enabled to

agglomerate into masses. The liquid which remains is called butter-

milk. The agglomerated fats are afterwards washed and pressed. The

product is butter. By these processes casein and albumen are sepa-
rated. The more completely this separation is effected, the more careful

the washing and the more compact the pressing, the longer will the

butter keep free from rancidity, because the caseous matter acts as a

ferment, and is the cause of decomposition among the fats. The reason

that salt retards the decomposition of butter is that it hinders the forma-

tion of those volatile fatty acids which possess a rancid odour. Butter

consists, in the main, of margarin (page 460), olein (page 429), and

butyrin (page 452) ;
but it also contains small and variable quantities

of caproine, capryline, and caprine. It is to these volatile oils that the

flavour of milk and butter is owing. When these glycerides are decom-

posed bv the joint action of air and moisture, various volatile stinking
2n2

401.
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fatty acids are produced, the presence of which constitutes rancidit}\
When butter, thus become rank, is boiled with repeated quantities of

water, the stinking acids dissolve and are removed, and the residue of
the butter is rendered less rank.

Casein.—Milk, after separation from the butter, is to be mixed with
a few drops of acetic or hydrochloric acid

; upon which a white flocky
mass is precipitated. This is casein. It agrees in composition and

properties very nearly with vegetable casein, described at page 500.
The formula given to casein by Liebig is C'**N^S*H***0**^, vcUh some

pliosphates. Casein is soluble in diluted alcalies, and also in an excess of

acid. It is insoluble in water, but is dissolved in milk, in consequence
of the presence there of a free alcali. When this alcali is neutralised

by the addition of an acid, the casein precipitates.
Albumen.—The milk from which butter and casein have been separated

is to be filtered and boiled. If any muddiness occurs, it is produced by
albumen. The quantity is extremely variable. Immediately after the

birth of the young animal, the milk of the mother contains a considerable

quantity of albumen
;
but milk in its normal condition contains scarcely

any of that compound.
Curds and Whey. Cheese.—Take a small piece of dried and salted

calf's stomach (rennet') ;
soak it in a spoonful of water ;

mix this water

with a basinful of fresh milk, and place the mixture in a warm situation

for some hours. The milk then appears as a gelatinous mass. If this

is broken up we find a solid curd and liquid, commonly known as curds

and whey. The curds consist of casein in mixture with the butter of

the milk
;
and if separated from the whey, consolidated by pressure,

and dried, it forms sweet-milk cheese. When cheese is newly made it

has but little flavour. As it grows old, oxygen acts on its fats and

nitrogenous substances, producing ammonia, butyric acid, valeric acid,

and other volatile compounds, which collectively give to old cheese its

pungency. If sweet herbs are incorporated with cheese, their essential

oils necessarily aflfect its taste and odour.

Whey. Milk Sugar.
—The clear yellow liquid, separated from the

casein or curd, is called whey. It consists in the main of a solution

of milk sugar, which may be separated by the process described a^
page 498.

_

'

f
Lactic Acid. Acid of Milk.—If a solution of milk sugar is mixed

with rennet and digested in a warm place, it is gradually converted into

lactic acid. See page 450.

Curdling of Milk hy Acids.—The formation of curds, which rennet

produces after a reaction of many hours' duration, is effected instantly

by the action of a few drops of any strong acid. The curds in this case

also contain all the casein and butter of the milk thus acted on.

Spontamous Curdling of Milk.—When milk is exposed to the air in

flat open vessels, the sugar of milk gradually produces lactic acid, which,
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ike all other hydrated acids, curdles the casein. The milk becomes
most readily sour to the taste, when the weather is hot and the milk is

agitated by transport. In a cool quiet place the milk becomes acid

only after the cream has risen. It is from this cream that butter is

commonly prepared, and consequently the whey which separates from

it—the hutter-milk—is sour. It consists of casein, lactic acid, and

water, with a little butter. From this butter-milk it is possible to

make a very poor description of cheese, the poet's
" Three times skimmed cream cheese."

Fermentation of Milk.—Milk that has been curdled by spontaneous
acidification is to be exposed to fermentation at a temperature of 7 5° to

85° F. The apparatus described at page 343, fig. 337, is to be used.

A lively disengagement of carbonic acid gas takes place. The milk

sugar which had escaped conversion into lactic acid is at the higher

temperature, and in the presence of casein, which acts as a ferment,

converted into carbonic acid gas and alcohol. If the fermented liquor
is afterwards subjected to distillation, the alcohol which y)asses over is

accompanied by butyric acid, and other volatile acids of the fatty series,

w^hich give the resulting brandy a certain flavour. In this manner the

Tartars prepare a beverage from the milk of mares.

Ashes of Milk.—The ashes produced by evaporating and calcining
milk consist of potash, soda, lime, magnesia, oxide of iron, phosphoric

acid, sulphuric acid, and chlorine.

Composition of the Milk of Woman and of various Animals.
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chemical sense, we are forced to declare, that milk and eggs contain

some of the most complex and most incomprehensible of the many com-

pounds which creation offers for our examination. We have a guess,
and only a guess, at the ultimate constitiition of casein and albumen,
while of their proximate constitution we are in a state of total ignorance.

Milk and eggs contain these ultimate elements :
—

Carbon, hydrogen, nitrogen, oxygen.

Sulphur, phosphorus, chlorine.

Potassium, sodium, calcium, magnesium, iron.

These are the elements which compose eggs and milk. These same
elements compose the principal articles of vegetable food. The same
elements compose the bodies of animals. The same elements compose
human beings. We eat and drink compounds of these elements.

They run through our veins and arteries. They constitute our veins

and arteries. They produce our muscles, our bones, our nerves. They
are the materials of our blood, our brain, and the organs of our senses.

How different is the living human body from these several elements,
laid bare and isolate by the craft of the chemist ! It is well for man
to contemplate the relation of his body to the elements of which it is

composed. These elements form the dust from which he came, and
will form the dust to which he must return. Of atoms of these twelve

elements is he built up, and as salts and gases of these twelve elements

will he shortly be scattered before the winds of heaven. Apart from

the intellectual and eternal spirit which guides him, apart from the

natural life which directs and controls the chemical w^orkings of the

material elements, what is man ? A congeries of salts OF orgaxic
AND INORGANIC RADICALS. So much the more wonderful is the

wisdom and power of the Omnipotent, who directs and controls the

working of the universal world.

Essential Ingredients of Food.—When eggs and milk are eaten, the

food has the greatest possible similarity to the constitution of the human

body. The organs of digestion have, so to speak, merely the task of

taking up for circulation in the blood materials fully prepared for that

purpose. Butw^hen the twelve elements, which are the ultimate constitu-

ents of eggs and milk, are to be sought for among vegetable substances,

there is a lower degree of preparation to be expected, and it becomes

necessary to consider the available kinds of food under some general

point of view. We may class them as follow :
—

a). Non-nitrogenous Materials.—These comprehend the fats and oils,

the starches, gums, and sugars, and such kinds of cellulose as are eatable

and digestible. These articles may be compared to the Fat of Animals.

b). Nitrogenous Substances. — These include vegetable albumen,

vegetable casein, and gluten, or vegetable fibrin. These three substances

agree in constitution with the Blood and Flesh of Animals.
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c). Vegetables which contain Mineral Substances.—These must include

all such as are necessary for the construction of special organs, above all

the materials for the Bones of Animals.

A variety of chemical and physiological considerations, which cannot

be here detailed, prove that the substances of Group a) are required for

the production of animal fat, and for the support of respiration, and the

consequent development of that animal heat which is necessary to the

continuance of life ; and that the substances of Groups b) and c) are

required for the production of those indispensable portions of the animal

system
—blood, flesh, and bones.

A . Heat-givers, Fat-formers, Supporters of Respiration.
—As long as

an animal lives, its blood is in continual circulation. From the heart,

red blood flows without ceasing through the arteries to all parts of the

frame of the body, and thence returns to the heart, through the veins,

darlvened in colour and changed in composition. Before it renews its

course, it passes into the lungs, and comes freely into contact with

atmospheric air, inspired by the mouth. A wonderful change then

takes place. The dark-coloured blood of the veins is changed into the

red-coloured blood of the arteries, while, simultaneously, part of the

oxygen of the air disappears, and its place is supplied by carbonic acid

gas and water; for the expired air is found by experiment to have

undergone this change. Now, the conversion of oxygen into carbonic

acid and water, is equivalent to the burning of carbon and hydrogen in

oxygen, and that burning, whether rapidly or slowly effected, produces
a certain amount of heat, which, in the circumstances that I am

describing, must be called animal heat. No nitrogen is concerned in

this operation. That element is necessarily excluded, for if it combined

in the lungs with carbon it would produce cyanogen ;
if with hydrogen,

it would produce ammonia; either of which compounds produced in

the lungs would extinguish life immediately. The chemical action

which is concerned in respiration is consequently the combustion of

hydrocarbons ; and the form in which the hydrocarbons mal^e their way
into the lungs, is some sort of compound derived from starch, or sugar,
or other vinylates, all of them multiples of CH^O—or from fats which
are essentially multiples of CH* with very little oxygen

—which com-

pound is gathered up by the blood in its passage through the body and

brought into the lungs for combustion in the inspired oxygen. That

this combustion does not go on at too rapid a pace is provided for by
the presence of a mass of uncombined and uncombinable nitrogen,
whose presence keeps the action of the oxygen within wholesome

bounds. When an animal eats a surplus of saccharine matters, they
accumulate in the body, and the animal becomes fat. When an

animal eats too little of such matters, the respiratory organs are supplied
with carbon at the expense of the accumulated fat of the body, and the

imal becomes thin. He gradually burns avv'ay.

f
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B. Flesh-foimers.
—

Clearly distinguished from the foregoing are those

descriptions of food, which serve, not simply to give heat by supporting

respiration, but to produce blood, muscle, and all those parts of the

body which contain nitrogen. These are the nitrogenous compounds.
The animal and vegetable albumen, casein, and fibrin, and the com-

pounds that contain bone-earth, common salt, and the other mineral

ingredients of flesh and bones. Among the parts of plants it is chiefly

the seeds which contain these ingredients, though in some cases the

young stalks and leaves of plants include them. They must, when

eaten, be in a digestible state, that is to say, in a state capable of

solution in the stomach. The dissolved substance mixes with the blood

and circulates through the system, and as the power of life directs,

produces here flesh or bones, there nerves and veins, and over all skin,

hair, feathers, or shells, as the necessities of the animal demand.
Both these varieties of food are equally necessary for the support of

the animal. Without the latter, there could be no blood, no flesh, no

bones
;
without the former, no respiration, no heat, no life/

1 In reference to the constitution of articles of food, I take the liberty to refer the

teacher to a pair of diagrams illusti-atiug this subject, which have been designed by
Professor Lyon Playfalr, and are published by the publisher of this volume :

—
1 . Diagrams showing the Chief Ingredients in Varieties of Food.—The size of this

diagram is 78 inches by 35 inches. It is coloured in such a manner as to show

distinctly the percentage in each kind of food of those ingredients which deserve the

respective names of flesh-formers, of heat-givers, of carbon contained in the flesh-

formers, of carbon contained in the heat-givers, and of the mineral matters, or ashes,

of the food. The varieties of food of which the constitution is thus detailed are the

following:
—Cheese, dry peas, cooked meat, oatmeal, barley-meal, fish, wheat flour,

Indian meal, cocoa-nibs, bacon, bread, green peas, rice, milk
; sago, tapioca, and arrow-

root
; cabbage, parsnips, potatoes, turnips, carrots, beer, sugar ; suet, fat, and butter.

At a glance, therefore, this diagram shows the comparative value of these kinds of

food, both as materials to promote respiration and to produce flesh.

2. Diagram containing Eleven Examples of Nationcd Dietaries, showing the chief

ingredients of the food, expressed in ounces per week. The size of this diagram is

26 inches by 35 inches. It is so coloured as to discriminate the same ingredients of

food as are discriminated in the first diagram, excepting the mineral matter. It

shows, therefore, the flesh-formers, the heat-givers, and the proportions of carbon con-

tained in each of them. The dietaries included in this table are as follow :
—

English

soldier, French soldier, Dutch soldier, English sailor, Greenwich pensioner, Chelsea

pensioner, English prison dietary (three months' hard labour), pauper dietary (average
of English Unions), Christ's Hospital School, Greenwich School, Arctic travellers in

Fort Confidence.

As examples of the infonnation given in this diagram, I may quote the figures
which are intimated by the coloui-s of two of the dietaries :

—
Blue-Coat Arctic
School. Travellers.

Flesh-formers ..... 17 148
Carbon in ditto 9 80

Heat-givers 61 110
Carbon in ditto 30 70

The reader is referred for a further account of these diagrams to an Essay on Food

by Dr. Playfair, contained in Hughes's "
Reading Lessons," Second Book.
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Digestion.
—While food is being masticated, it is mixed in the month

with saHva, which not only moistens and lubricates it, and so facilitates

the act of swallowing, but communicates to the food a compound
called ptyalin, which is produced in the mouth, and which has the

power of converting starch into dextrin and sugar, and of thus facilitating

its solution in the stomach. In this mode of operation, ptyalin acts

like diastase. See page 505. When food is not sufficiently masticated,

the proper proportion of ptyalin is not communicated to it, and digestion
of that food in the stomach becomes difficult.

In the stomach, the food is acted upon by a mixture consisting of the

gastric juice, lactic acid, hydrochloric acid, and pepsin, which is an

albuminous body, forming one of the constituents of the gastric juice.

After remaining in the stomach for a few hours, the food assumes a

pasty form, in which the fibrin and albumen of the food exist in the

liquid state, while the starchy matters are only imperfectly rendered

soluble, and the fatty matters are unaffected. This mass is termed

chyme. From the stomach, this mass passes into the intestinal canal, in

its passage through which it is mixed with bile and other secretions, and

undergoes further changes. In the small intestines, it is divided into

two portions, the smaller of these, consisting of woody fibre and other

insoluble and indigestible matters, becomes excrementitious, and is

finally rejected. The larger portion forms a thin milky fluid called

chyle^ which is ultimately passed into the blood. From the blood,

purified by the act of respiration, all the components of the body
are produced, just as in the living plant, the solution of sugar is the

source of all the compounds which contribute to its growth and

completion.
The different organs of the body are continually undergoing waste

and renovation. When active exercise is taken, the respiration is more

vigorous than when the individual is in a state of repose. More oxygen
enters the lungs, more carbon and hydrogen is consumed, a greater
waste of organic tissues ensues, and more food must be eaten and

digested to supply this waste. In cold climates, also, more food must
be consumed, especially more saccharine and fatty food, to supply the

means for that vigorous combustion in the lungs which is necessary to

keep up the requisite amount of animal heat. As new organic tissues

are produced, the materials of the effete tissues are carried off as

excrements by the intestines or by the bladder. The kidneys secrete

urine from the arterial blood, and in that fluid is found the waste

nitrogenous elements of the food and of ^the used-up compounds of the

animal frame. For the most part, nitrogen occurs in urine in the state

of urea, accompanied by a constant but small quantity of uric acid, in

combination wiith some metallic base. The presence of these nitro-

genous compounds in urine, renders that liquid of great utility as a

manure. Exposed to the air, urea rapidly undergoes putrefaction, and
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produces carbonate of ammonia, an important material for promoting
tiie growth of plants.

Blood.—^Blood is a mixture of many compounds, always moving,

always on the change, and of which it is consequently impossible to

give an exact account, without giving a long account, for which I have
no space. It contains 70 per cent, of water. Its chief constituents are

albumen, fibrin, globulin, and haematin. The albumen of blood nearly
resembles that of the egg. Its fibrin resembles the fibrin of the pea

(page 500). Its globulin is an albuminous compound. The ha}matin

is a colouring substance, to which the redness of the blood is owing,
and which contains as an ingredient a remarkably large proportion of

iron. Such are the chief components of blood, a detailed account of

"which must explain its relation to all the following compounds which

occur in it, namely, albumen, fibrin, haematin, globulin ; oleic, stearic,

lactic, phosphoric, sulphuric, and hydrochloric acids, in combination

with soda, potash, ammonia, lime, and magnesia; minute portions of

cholesterin, a small quantity of phosphorised fat, containing phospho-

glyceric acid
;
and oxygen, nitrogen, and carbonic acid gases in solution

ill the fluids.

Muscular Tissue. Flesh, The Lean of Meat.—This consists of

animal fibrin, in the form of bundles of fine fibres, the interstices of

which contain three-fourths of its weight of water, including blood and

various substances secreted from blood. It is intermixed with cellular

tissue, nerves, veins, and fatty matter.

Extraction of the Soluble Constituents of Flesh.—Chop four ounces of

lean beef into fragments, digest it in a beaker-glass with four ounces of

cold water. After fifteen minutes, press the liquor through a linen

cloth. Repeat the operation with other four ounces of water, and again
a third time. The resulting red liquor contains nearly all the soluble

constituents of the beef, including those which give flavour to meat
If the solution is heated to 140^ F., a frothy mass separates, which is

albumen. If the liquor is filtered from the albumen, and boiled,

turbidity is again produced by the haematin and fibrin of the blood.

The liquor which then remains clear (the houillon) contains phosphoric

acid, butyric acid, and lactic acid, in combination with potash, soda, and

magnesia, and some little-known compounds called kreatine, inosite,

and kreatinine. If the liquor is further evaporated, it becomes first

yellow, then brown
;
and if driven carefully to dryness, it forms a soft,

dark-brown mass, of which half an ounce with a pound of water, and a

little salt, produces beef soup, or beef tea, of good flavour.

Fibrin.—If the meat, washed as above-described with cold water, is

afterwards boiled in water for some hours, a solution is obtained which

on cooling produces a cake of fat or tallow, and a jelly, which is a

solution of gelatine, or glue. The substance which remains undissolved

in tiie hot liquor, and which may be taken out from it and washed, ifi
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fibrin, a milk-white, hard, tasteless, odourless, fibrous mass, resembling
in composition blood-fibrin, or albumen. In this condition, fibrin is

very difficult of digestion, and has lost its nourishing power.

Quantitative Composition of Beef.

lOO pounds of beef contain as follows :
—

a). Soluble in cold water. About one-half of it albumen . 6 lbs.

h). Yielded to five hours boiling in water, chiefly gelatin . i

c). Fibrin, without taste or juice l6i

d). Fat 2

e). Water 75

Chemical Changes effected on Meat hy Cooking it.

Roasting.
—When meat is roasted before a fire, the albumen is

gradually coagulated from the surface towards the interior. The outside

becomes brown, and is partially changed in composition, but the sapid
and saline constituents of the juices contained in the meat are retained

by the coagulated albumen on the surface. Only a little runs down
with the fat and collects below,» as dripping. The meat should at

first be placed near a good fire, in order that the outside may be rapidly

coagulated. It should then be removed farther from the fire, to let the

roasting proceed gradually. If the roasting is not continued long

enough, so that the albumen near the middle is not coagulated, and
the flesh continues red and juicy, it is said to be underdone. The

advantage offered by roasting over boiling is that the important soluble

ingredients of the meat are not dissolved in water, and washed away
into the soup

—or the common sewer.

Boiling.
—The boiling of meat may be performed with two different

objects :
—To render the meat the most valuable. 2. To render the

soup the most valuable.

1 . Boiling for the sake of the Meat.—To preserve the fiill flavour of

the meat, and to fit it for digestion, the water should be made to boil,

and the meat be inserted into the boiling water. Then the heat should

be reduced till it simmers gently, and this heat should be prolonged
until every part of the meat has attained a temperature of 170° or

180° F. By this treatment, the albumen on the outside of the meat
is in the first place coagulated by the boiling water, so as to make a

coating impervious to the valuable juices in the body of the joint, which
are thereby confined within it, to enrich the boiled meat. In this case,

the soup is worthless.

2. Boiling for the sake of the Soup.
—To make good soup, the flesh is

put into cold water and the heat is raised very slowly. The soluble

albumen, the soluble salts, and the flavouring portions of the meat, all

of which are soluble, because whatever is insoluble has no taste, pass

gradually into the water. The meat becomes impoverished, hard,
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ragged, fibrous, and tasteless. The soup gains what the meat loses, not

only in flavour, but in nutritious qualities. When the water boils, the

heat gradually penetrates into the joint, and the cooking is finishe<l

when the albumen is coagulated at its centre. Of course the process is

hastened, the soup rendered better and the meat worse, by cutting the

meat into fragments, before putting it into the water. The best soup is

made by a prolonged digestion of the meat at a very low temperature,
which extracts from the meat all that is soluble and nutritious. This

prolonged digestion of meat constitutes what is commonly termed

stewing. When ignorant cooks prepare stews by boiling the meat, they

destroy the food, and damage equally their employer's stomach and

pocket.

Beef Tea.—Raw, lean beef, is to be finely minced, mixed with an

equal weight of cold water, and very slowly heated till the mixture

boils. One minute suffices to coagulate the albumen. The liquid is

then to be strained through a linen cloth and pressed from the meat.

The solution is to be seasoned with salt and spices as desired, and

warmed for use. It is nutritious and has a good taste, but little colour.

By means of burnt sugar or French onions, a brown colour can be given,
if it is necessary to gratify the eye as well as the palate.

Skin, Gelatin, and Glue.

If skin is put into cold water, it swells but does not dissolve, and

after some time it undergoes putrefaction. If it is boiled in water

for some hours, the greater part of it dissolves, and the solution, on

cooling, produces a jelly. When this jelly is dried to a solid, it forms

glue. This substance does not exist ready-formed in skin, but the

cellulose tissue is destroyed by the boiling water, and the product is

gelatin. This compound is an important ingredient of animal bodies,

occurring almost as abundantly as albumen, and having very nearly
the same composition, but with rather less carbon and more nitro-

gen. It is remarkable as occurring in animals only, and not in

vegetables. Its composition is about, carbon 50, hydrogen 7, nitrogen

17, oxygen and sulphur 26. Isinglass, glue, and size, are varieties ol

gelatin difiering in purity. The sinews, cartilages, bones, and interioi

skins of flesh, produce gelatin as well as the outer skin, which is the

reason that many kinds of soups gelatinise on cooling. But it is »

mistake to imagine that the nutritious qualities of a soup depend upoi
the hardness of its jelly when cold.

Gelatin has neither taste nor odour. It softens and swells in cok

water, but does not dissolve unless the water is warmed. It is insolubl*

in alcohol and ether.

The Jellies of the Confectioner consist of solutions of the purer kin^

of gelatin, flavoured with sugar, wine, lemons, and spices.
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^
Glue is prepared from the refuse trimmings of ox-hides, &c. Size is

a weaker kind of gUie, prepared from scraps of parchment, &c.

Leather.— Sohitions of gelatin and tannin, when mixed together,

produce an insohible precipitate, which, in fact, consists of leather in

flocks. When the solid skins of animals (hides) are made to undergo
a })roper treatment with substances which contain tannin, they become
leather. The tendency to putrefaction is stopped, and the flexibility

and the tenacity of the skins is improved. This operation is called

tanning, and the art is one of great utility. Leather is indispensable for

shoes, gloves, harness, coaches, fittings of furniture, the binding of

books, the construction of travellers' trunks, and innumerable other

purposes. See page 474.
Bones.—Examined at page 325.

Nutrition of Plants.

Between pages 9 and 1 3 of this work I have noticed the occurrence

in organic substances of 17 elements or simple bodies; and at ])age 542
I have shown that of these 17, no less than 12 occur in milk and in

eggs. Of the other
5 elements, silicon is abundant in straws, rushes,

&c.
;
aluminum and manganese are found in extremely small quantities

in plants and never in animals ;
iodine constantly occurs in sea-weeds

and sponges, and fluorine is found in the bones of animals, and no

doubt, therefore, occurs in some description of plants.

As plants are not gifted with the power of locomotion, all the elements

j

which are requisite for their growth and reproduction must be brought

j

to them, either by the atmosphere, upon which their leaves act, or by

j

the soil in which they are planted, and from which their roots absorb

whatever their systems require. In a state of unaided nature, wild

plants grow and flourish in the soils which are suited to them, and else-

where speedily die. The business of the farmer is to assist nature, so

that plants may be made to grow in soils which are not naturally, or

not at all times, suited to them. With that view he puts into the

3arth, where the seed of the desired plant is to be sown, materials which,

by reaction on the soil, or on the air of the atmosphere, or on the water

to be supplied by rain or irrigation, will produce such soluble substances

is the roots of the plant will take up, and the power of vegetable life

>vithin it will convert into suitable nourishment.

I have shown that, as far as regards the three materials which form

:he visible mass of plants and their chief juices, we have them in car-

>onic acid and water, supplied in part by the atmosphere, and in part
rem the decomposition of organic substances in the soil. The addi-

ional element which is necessary for the production of fiesh-forming

ompounds
—

nitrogen
—is supplied to plants in the form of ammonia,

•ither by the decomposition of nitrogenous substances mixed in the soil,
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or from carbonate of ammonia and nitrate of ammonia brought down
from the atmosphere by rain.

The inorganic materials of plants are supplied, partly from the decom-

position of the minerals which constitute the soil, partly from the sub-

stances which are applied by the farmer in the form of manures. Thus,

farm-yard manure supplies to the soil many of the substances which
the grow^th of crops of plants removes from the soil. But the

manure of a given farm-yard does not restore to the soil of that farm

the ingredients which entered into the seed of the plants grown upon it

for food, and which were carried off in that seed for consumption in

some distant quarter of the world. On each farm, in each field, these

abstracted ingredients require to be restored by some process of agricul-
tural art before the exhausted soils can again give good crops of the

same plants.
All soils contain silica, alumina, and lime. These earths occur

together in very different proportions. When the first predominates,
the soil is said to be sandy ; when the second is in excess, it is said to

be clayey ; when the third predominates, the soil is called calcareoiis.

When a deficiency of any of these earths occurs, it is remedied by the

addition of the one that is required. Owing to the general prevalence
of sands and clays, the deficient earth w^iich it is commonly necessary

to supply to bring the others into equilibrium is lime. This is some-

times applied in the form of carbonate, and sometimes burnt into quick-

lime. In this latter state, when assisted by rain, it more effectually

attacks and decomposes the aluminates and silicates of the soil, and pro-

duces a variety of soluble salts, of w^hich the plants absorb as much ai

they require.

Magnesia is supplied in that form of limestone or carbonate of limt

which is called dolomite, and which contains both lime and magnesia.
Iron and manganese occur so abundantly in all minerals, that every soi

can yield the necessary supply. Sodium can be suj^plied, partly as sea

salt, in which case it introduces also the chlorine that may be require(

by the plants, or it may be applied as nitrate of soda, or as an ingredien
in many forms of mixed manure. Potassium can be supplied in th

form of any salt of that metal
;
but as these salts, even the crade nitrr

and chloride, are expensive, and so soluble as to be easily washed aw:

from the soil by rain, the farmer prefers to depend upon the separatioi

of potash from felspar, augite, and other components of the soil, b;

gradual decomposition in air and moisture, or to supply it in wood

ashes, or as an ingredient in the more complex form of manure, such a

guano, silicate of potash, &c.

Sulphur is supplied to soils in the form of a variety of sulphates, suc^

as sulphate of lime or gypsum, sulphate of soda (Glauber's salt),
an

sulphate of ammonia—in all of w^hich salts the bases are useful as we

as the acid. Phosphorus is supplied in the state of bone-dust, or
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Isolation of bone-dust in sulphuric acid, or in the condition of coprolites,
or other varieties of the mineral phosphates of hme.

Different plants require these inorganic ingredients in very different

proportions, and it is the business of" the agricultural chemist to study
these relations, and the means of supplying, effectively and economically,
each plant with those ingredients, which are proved to be necessary for

the production of an advantageous crop. It is impossible to give a

useful account of such a subject as agricultural chemistry without enter-

ing into practical details, which are inadmissible in a work of this

elementary character and limited extent. In speaking of the nutrition of
plants, I desire only to give the reader a notion of that wonderful

arrangement of affinities by which the three kingdoms of nature—the

mineral, the vegetable, and the animal—are kept in equilibrium, and
made to carry out, in the simplest and most orderly manner, the com-
mands of the Creator. The mutual chemical attraction of four elements

enables them to sweep out of the atmosphere all the compounds that

would be injurious to the health of men and beasts, and which, if per-
mitted to accumulate, would finally destroy all animal life. These

compounds, destructive of animal life, form the food of plants, produce
the bodies of plants, and yield finally the substances which serve as food

to men and animals. These in their turn produce those deleterious

compounds which poison the air for animals, but serve as food for

plants ; and when they die, the disintegrated materials of the bodies of

men and animals serve also to promote the growth of plants. There

is, consequently, a continual circulation of elementary atoms through
the three kingdoms of nature

;
each is dependent upon the other

;
each

. works together with the other for good ; nothing is useless ; nothing is

^ lost
; nothing is wasted ; nothing, under any circumstances, is destroved

; or annihilated. The animal cannot live without the vegetable, by whose

agency his food is prepared from the mineral elements and the refuse
'

products of animals. The vegetable, on its part, w^ould die of starvation

but for the carbonic acid and ammonia which result from the actions of

Y
mimal life. Without plants and animals, the world would be an arid

\ iesert, instead of being covered over its whole surface with the beauteous
i oroducts of vegetable and animal existence.

[

COMBUSTION. FUEL. ILLUMINATION. FUSION.

(
I have so frequently had occasion, in the preceding pages, to notice

*

examples of combustion, that it seems superfluous to recur to the subject
mder a special head. But there are two or three points of a general
lature which require specific treatment in order to put the subject

1

-teadily before us.

f The kind of combustion now to be treated of is that which produces
I

leat and light, under circumstances in which the heat and light can be
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nsefully applied to the purposes of heating and Hghting. It is not

always that the heat and hght resulting from combustion can be so

applied. When, for example, nitrogenous substances, such as wool,

hair, feathers, leather, bones, &c., are burnt, heat and light are produced,
but they are accompanied by a disengagement of ammonia gas and of

other suffocating compounds, which render it impossible to make useful

applications of the heat and light resulting from these combustions.

So, also, when brimstone is burnt, the production of sulphurous acid

gas, and when phosphorus is burnt, the production of an atmosphere of

solid phosphoric acid, render the heat and light produced by these com-
bustions insusceptible of profitable applications.

It is quite otherwise with the compounds which belong to the' saccha-

rine or vinylate group. The products of their combustion present no

obstacles that insurmountably hinder their applications in the arts and in

domestic economy, and these are, consequently, the com]oounds which are

universally resorted to when artificial warmth and illumination are to be

produced by the combustion of substances which yield heat and light.

I propose, then, to take into consideration the transformations which

occur during the combustion of a tallow candle, and during the pre-

paration and combustion of coal gas. The consideration of these two

topics, with a few words on spirit lamps and charcoal furnaces, will

give us a sufficient view of the general relations of this subject.
In the preceding account of the constitution of compound radicals I

have endeavoured to trace their origin and development, from the most

simple forms up to those complex kinds which constitute the fatty and

waxy radicals. I have now to show how the action of heat splits up
these complex radicals into a variety of simpler radicals, and finally tran?

forms them, by combination with oxygen, into carbonic acid and wat-—
compounds which are thrown into the atmosphere, to be agair

absorbed by plants ;
to be acrain converted into sugar, and starch, and

w^ood
; again to serve as food for animals

; and thus to continue the never-

ceasing round of organic reactions. The circumstances which attftuc

these combustions are consequently wtII worthy of careful observatioD.

Imjidry into the Plienomena which attend the hurning of a Candle.

Tallow is a mixture of several kinds of fat, and its composition is sub

ject to great variations. It may, however, be represented with sufficien

accuracy for our present purpose by the formula,

which represents the compound commonly called Terstearin, and whict

according to my notion of its constitution, as fully explained at page 37
of the *' Radical Theory in Chemistry," and at page 429 of this work

is a salt containing three atoms of the radical stearyl, each equal t

C'°H^\ one atom of the radical glycyl, equal to C^H'*, and six atoms c
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oxygen ;
these constituents presenting a total of C^^H"'*0^. The com-

bustion of this salt converts the carbon into cai'bonic acid and the

hydrogen into water. The 57 atoms of carbon demand for this purpose

114 atoms of oxygen, and the no atoms of hydrogen demand 55 atoms
of oxygen, making together 169 atoms, towards which the salt provides

only 6 atoms, leaving 163 atoms of oxygen to be taken up from the

atmosphere in which the candle is burnt. 163 volumes of oxygen exist

in 815 volumes of air. This consideration is sufficient to show why a

large quantity of air is necessary to sustain the combustion of a candle,

and why its flame so speedily expires if the access of air is restricted.

The following apparatus shows experimentally the relation of com-
bustion to ventilation. Fig. 402 represents a large glass

bottle, with a wide mouth, through which a candle and

candlestick can be introduced. The candle is lighted,
and the bottle is then closed by a cork, through which

two narrow glass tubes are passed, one of them, 6, ter-

minating just beneath the cork, the other, a, passing
down nearly to the bottom of the bottle. As the candle

burns, the warm air, including the vapour of water and

the carbonic acid, passes out of the upper tube, while

fresh cold air enters by the long tube, and thus provides

oxygen to support the combustion of the candle. If the

long tube is closed, air ceases to enter the bottle, and

the candle ceases to burn.

Fig. 403 gives us an idea of the ordinary condition of the flame of a

candle. We can clearly distinguish three parts
—an inner

dark part, a
; a central bright part, h ; and a thin outer

casing of blue flame, c.

What takes place during the combustion appears to be

this :
—The heat melts the tallow, which rises in the wick

by capillary attraction. It is there exposed to greater

heat, and is resolved into vapour, which fills the dark

3entral space, a. By some authors this space is described

as being filled with the gaseous products of decomposed
iallow; but I shall prove by an experiment that that

lotion is erroneous, and that the central space contains

mdecomposed tallow in vapour, condensable again to

jolid tallow
; not, perhaps, into tallow of the same com-

x>sition as that which forms the candle, but into a mass which at any
ate is a solid fat and not a gas. However, the vapour of tallow pro-
luced in the space a, is soon acted upon by the heat, and the greater
iart of it is probably decomposed into olefiant gas (vinyl)

= CH^. The

iibustion of this gas requires, of course, three atoms of oxygen for

try atom of gas :
—

CH* + 0^ = CO^ 4- HHO.
2

402.



554 COMBUSTION. FUEL. ILLUMINATION. FUSION.

The oxygen, when deficient in quantity, combines at first with the

hydrogen in preference to the carbon, and the consequence is that, for a

moment, the carbon, separated from CH*, exists in a free state in the

flame which is produced by the combustion of the hydrogen, and, being
raised to a white heat by that flame, produces the bright Hght of the

candle. There vyould be no white hght produced ty the flame were it

not for the presence of the ignited particles of solid of)aque carbon,

since hydrogen burns with a blue flame, which has no illuminating

power. I shall show presently, by an experiment, that such solid

particles of carbon actually exist in a free state in the middle part, 6, of

the candle flame.

The hydrogen being thus first consumed, the arrival of more air

affords the means of burning the carbon, which takes place in the outer

and upper part of the flame, the part marked c in the figure, where also

a quantity of hydrogen is burnt simultaneously.
These facts can be pretty well established by experiments made with

the apparatus which is represented by fig. 404. Letter A represents a

glass syphon about 30 inches

in length from end to end, and

i of an inch in the bore. It

is held in position by the sup-

port B. The shorter end of

the syphon is fixed at about

3 inches distance from the lx)t-

tom of a glass beaker, which

is placed upon a table support,
C. D represents a lighted
tallow candle having a pretty

large wick.

This being the apparatus to

be used, the experiments to be

performed with it are as fol-

low :
—

a). Lift up the candle until

the lower external end of the

syphon nearly touches the top of the wick. Then hold it steadily. In

a short time a white vapour will be seen to rise in the tube, and will flow

down the other branch in a stream, and settle in a layer upon the bottom

of the beaker, forming a, white mass of distilled tallow. Of this tallow

any quantity can be transferred into the beaker by continuing the process.

b).
Lower the candle until the end of the syphon rests in the middle

or bright part of the flame, the part which is marked b in
fig. 403. An

immediate change will be seen to take place in the product of the dis-

tillation. The interior of the syphon becomes black, and the vapoui
that passes from the candle into the beaker is fully charged with par-

404.
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tides of solid opaque black carbon (soot), affording sufficient evidence

of the decomposition of the tallow, and the separation of the hydrogen
from the carbon in the department of the flame marked h.

c). Again, lower the candle until the end of the syphon merely
touches the top of the outer case of flame, which is marked c in

fig. 403.
If this movement is made gradually and slowly, you will perceive that

as you lower the candle, that is to say, as you raise the end of the

syphon towards the top of the flame, the current of particles of carbon

rapidly decreases, and finally ceases. What then passes through the

syphon is carbonic acid gas and vapour of water, the two products of the

perfect combustion of the tallow of the candle.

d). If you now reverse these trials, that is to say, if you gradually raise

the candle, all other parts of the apparatus remaining fixed as they were,

the above results will again appear in the inverse order of the above

description, first the transfer of carbon will be observed, and finally the

distillation of the vapour of tallow.

e). That the products of the complete combustion of tallow are car-

bonic acid gas and vapour of water, can be readily demonstrated by
experiments, which I have already explained. At No. 11, page 346, I

have described an apparatus by which the carbonic acid gas can be col-

lected for examination, and at experiment i, page 213, an apparatus for

collecting the water which is given off by a burning candle.

Here, then, we have a concatenation of evidence. The tallow is

liquefied in the wick
;

it is volatilised into the space a; it is decomposed
in the space 6, where the hydrogen is burnt and the carbon is separated
and rendered incandescent ; the carbon is burnt in the space c

;
the pro-

ducts of the combustion are carbonic acid and water.

If a piece of fine iron wire gauze containing about 40 meshes to the

lineal inch is brought down over a candle flame,

as shown by fig. 405, part of the flame is extin-

guished. It does not go through the meshes
of the gauze, because the effect of the metal

wire of the gauze is to cool down the heat of the

flame and extinguish it. The smoke and com-
bustible vapours pass through the gauze, but

not the flame. The piece of gauze should be 7
or 8 inches in diameter, to prevent the flame

from creeping round the edge to the upper side.

When the vapour rises above the gauze, if a

light is applied another flame is produced, inde-

pendently of that which burns below the gauze.
This fact, that flame cannot pass through me-

!ic holes of a very small diameter, is the

nciple upon which Davy's safety-lamp is

mded. See page 491.
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Preparation of Coal Gas.—The necessary apparatus is shown in

fig. 406. It consists of a hard German glass tube about 6 inches long
and I inch in diameter, a, to which is adapted, by a cork, a hard

Bohemian glass tube, 6, about i of an

inch bore, with a fine orifice. A suit-

able support with a joint, c, holds this

apparatus at a proper height above a

spirit-lamp, d. Put into the tube a

some splinters of cannel coal, or of

other good coal that will burn with

flame, about enough to fill an inch of

the tube. Adapt the tube 6, and

apply the flame, at first gi-adually, and

finally so that the flame covers the

mass of coal. You will shortly ob-

serve a white vapour passing up the

tube a, and out of the orifice of the

jet b. When this smoke is sti'ong

and regular the atmospheric air will be

all driven out of the tubes, and you

may then, without the danger of explosion, light the jet of gas at the

end of the tube h. It will burn for some time with a bright luminous

flame like a gas-light. A quantity of coke will remain in the tube a,

and round the upper part of that tube will be found a quantity of coal-

tar, mixed with strong w^ater of ammonia, which may be tried with

test-paper, and will be found to make red litmus blue, or yellow tur-

meric brown. These products have, of course, the usual offensive odour

of coal-tar.

Separation of the Products of the Distillation of Cod,—By means of

the apparatus represented by fig. 407, the foregoing experiment may be

407-
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performed so as to illustrate the manufacture of coal-gas more com-

pletely. A knee-shaped tube of hard glass, of about half an inch in

diameter, a, is adapted by a cork, or caoutchouc connector, to a V-shaped
glass receiver, b, to which is attached by another cork the gas-delivery

tube, c, to convey the gas produced by the experiment through the

pneumatic trough, d, into the receiver, e. The entire apparatus is sup-

ported by the stand, f. The closed branch of the tube a must be

placed nearly horizontal, and the two ends of the tube b must be placed
in the position shown by the figure. About a cubic inch of splin-
ters of cannel coal is placed at the closed end of the tube-retort, a, and
the flame of a spirit-lamp or of a gas-burner is applied to it. The coal

is decomposed, and the products of the distillation are distributed as

follow:—The coke remains in the tube a, the gas goes into the re-

ceiver e. Two liquid products condense in the angle of the tube b, and,
after some time allowed for settling and separation, you find the lower-

most of these two liquors to be a colourless transparent liquid, which is

chiefly a solution of ammonia in water, and the uppermost to be a brown

liquid consisting of the numerous substances which occur in coal-tar.

In fact, both these liquids are of a very complex constitution. The

coal-gas which passes into the receiver e has a very offensive odour. It

may be partially purified if you put between the receiver b and the gas-
tube c another tube or washing-bottle containing a solution of acetate of

lead, which will absorb and separate sulphuretted hydrogen gas, and
leave the residual carburetted hydrogen gas in a state of much greater

purity. Such an apparatus is represented in
fig. 408, in which the

408.

parts a, b, c, correspond to the similar parts in
fig. 407, while A is the

vessel containing a solution of acetate of lead, through which the gas is

to be passed, to be washed from sulphuretted hydrogen, and t, t, are

connecting tubes formed of vulcanised caoutchouc.

This very simple experiment develops the whole art of gas-making.
The coal, which must be of a kind that contains a large proportion of

Hvdrogen, such as cannel coal, or the superior descriptions of caking

il, is heated in close vessels (retorts). The carbon takes up a quantity

hydrogen, more or less according to the quality of the coal, the tem-

rature of decomposition, and other attendant circumstances, and forms
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a mixture of- hydride of methyl = H,CH^, and vinyl
= CH*. The

more it contains of the latter the better is the quality of the gas, and the

greater its illuminating power. All other ingredients which occur in

the mixed gases may be called impurities. Two of the most offensive

of these are produced by the sulphur afforded by the iron pyrites of the

coal, namely, sulphide of carbon = CS*, and sulphide of hydrogen
= HS, the special characters of which are given in the sections relating
to these compounds. It is chiefly to these tw^o gases that the unpleasant
odour of coal-gas is due. The sulphide of hydrogen can be separated by
several reagents, but not the sulphide of carbon, and when this is burnt

in company with the gas it produces sulphuric acid, frequently in such

quantity as to be unwholesome and to act injuriously upon furniture,

books, &c., which are exposed to it in dwelling-houses, w^arehouses,

and libraries.

The products of the distillation of coal performed in the large way, for

the production of gas to supply a town, consist of a great variety of

compounds, some of them very complex. I allude to those which

mingle in the above experiment with the gases collected in the receiver e,

and with the liquids in the bent tube b. The total quantity of products
obtained in this elementary experiment is too small to permit of their

separation and individual examination
;
but I may, nevertheless, enume-

rate the most important of them, to show how great a variety of sub-

stances can be produced by what seems to be the simple operation of

burning a piece of coal incompletely. The result is surprising ; for

when the coal is completely burnt, in the open air, it yields scarcely

anything but carbonic acid, water, and ashes. Whereas, on being dis-

tilled, it can yield all the compounds that are named in the following

list :
—

Gases ; Hydride of methyl H,CH^ Vinyl CH^ hydrogen, carbonic

oxide, carbonic acid, sulphide of carbon, sulphide of hydrogen, am-

monia, cyanogen, with a quantity of the hydrocarbons in vapour.
Thin Liquid. Water containing ammonia, with benzole, toluole, and

cumole. These three hydrocarbons constitute together the chief pan
of what is called coal naphtha.

Thick Liquid. As a mass of viscous matter, this is called coal-tar. Il

contains the following basic substances : ammonia, aniline, picoline

quinoline, and pyridine. The following acids: acetic acid in smn

quantity, phenic acid = H,C^H^ in large quantity. The followii

neutral substances : benzole, toluole, cumole, cymole
—these four a;

liquid; while naphthalin, paranaphthalin, chrysene, and pyrene a:

among the neutral substances which, when separated from these liquiu

are solid at ordinary temperatures.
Solid Product. Porous coke, including the ashes of the coal.

The gases are purified for use by being passed through liquids,
c

over moist solids, of a kind that will absorb or destroy the gases whicl i
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are unpleasant or deleterious, or which do not burn with illuminating

power. The substances used in the large way for this purpose are

hydrate of lime, hydrated oxide of iron, and dilute sulphuric acid.

Acetate of lead, useful in an elementary experiment, is too costly for use

in the arts. The value of the gas is in direct proportion to its quantity
of vinyl

= CH*, because the combustion of that gas gives the most
briUiant flame. Hydride of methyl = H,CH^, gives a much less

amount of light. The vapours of some of the dense hydrocarbons dis-

solved in the gas increase its light, but as cold reduces them to the

liquid state, in which they clog the pipes, they are inconvenient. The
other impurities are removed by the reagents above mentioned. This

purification, especially from sulphide of hydrogen and ammonia, is indis-

pensable to render the use of gas in dwelling-houses comfortable and

safe. Carbonic oxide and hydrogen are useless for illumination, but

they cannot be separated, and they burn with the hydrocarbons. Of

course, in the manufacture of coal-gas for sale, care is taken, or ought
to be taken, to regulate the process of distillation so as to produce as

much as possible of the useful gases, and as little as possible of those

which are mischievous or useless.

The Coal-naphtJia and Coal-tar above referred to ai'e subjected to a

variety of processes, by which the ammonia, benzole, and other useful

compounds which they contain, are separated and purified.

Diagram of a Gas-work.—The publisher of this volume has published
a diagram for use in schools, which exhibits the chief processes that are

followed in a public gas-work. The size of the diagram is 63 inches

by 33 inches. In the background is given a general view of the build-

ings in a gas-work, and in the foreground are sections of the principal

apparatus, showing the progress of the gas, from the retorts in which
it is made, through the condensers,* purifying vessels, meter, and

governor, into the main pipes, for distribution to the public. The
reader of the following description is supposed to be looking at the

picture.

All through the diagram, the space occupied by the gas is coloured

yellow, and the pipes through which the gas passes are coloured blue^

whether seen in perspective or in section. The retorts in which the

coal is distilled are perceived on the left hand, two of them in perspec-
•e and one in section, A gas-pipe rises vertically from each retort,

'lids over at the upper end, and dips into a large horizontal pipe, in

which a quantity of tarry matter is deposited. A large pipe carries the

s:as into a condenser, where more of the tarry matter is deposited, and
>m the condenser the tarry matter passes by a syphon into a deep
servoir or well. The gas then passes through a series of vertical

})ipes, of which ten are shown in the diagram, in which, by the cooling
action of atmospheric air, and occasionally of water applied to them

externally from a tank coloured green in the diagram, the gas is cooled,
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and made to deposit much more of the tany matter, which descends

through the lower open ends of the vertical pipes into a cistern placed
below them, and thence by another syphon into the well. The gas,
thus cooled, and deprived of most of its liquid and tarry impurities, is

now passed through vessels in which it is acted upon by various

chemical substances, liquid and solid. The methods of purification
differ in every gas-work. Two plans with liquids and two with solids

are shown in the diagram. In the first purifier the gas is pressed under

the liquid, with which it is mixed by a series of floats fastened to a belt

which passes over revolving wheels. These floats, by acting against the

current of gas, mix it thoroughly with the purifying liquor. In the

second liquid purifier a set of horizontal paddles are connected with a

vertical shaft which is made to revolve by mill-work. The gas in

passing through the purifier comes into contact with these revolving

paddles, and is thereby agitated with the liquor. The gas now rises to

the dry purifiers. It enters at the bottom on the right hand, passes

upwards through three layers of hydrate of lime spread on porous

trays, and then entering into the next compartment of the purifier, it

descends through three layers of hydrated red oxide of iron, also spread
on porous trays, and it escapes at the lower left hand side of the

purifier.

The gas, supposed to be now sufficiently pure for use, is conveyed
into the gasometer, which is a large metal bell, suspended by counter-

poises over water, or over a mass of brickwork, with a water-lute round

the sides. The form of gasometer shown in the. diagram is the tele-

scope form, which consists of two parts, one moving within the other

The inner one first becomes filled with gas, and then it becomes enlarged

by pulling up the outer portion. The diagram shows that they are

connected together by a water-lute. The gasometer is made in the

diagram much too small in comparison with the other features of the

gas-works. The two other gasometers shown in perspective in the

background give a better idea of their correct proportions.
The last object shown in the diagram is the governor, the use of

which is to regulate the distribution of gas in the mains or pipes which

convey the gas to the public. The governor consists of a conical

plummet suspended to a counterpoise, so that by rising or sinking it

closes or opens, more or less, the space by which the gas passes from

the gasometer into the mains. If the pressure is stronger in the gaso-
meter than in the mains, the plummet sinks, and gas passes into the

mains. If the pressure on the gasometer becomes lessened, or that in

the mains increases, the pressure acting on the bottom of the plumm-
causes it to rise and cut off" the flow of gas from the gasometer.

I proceed now to notice the applications of gas flame as a source

of heat, particularly useftd in cliemical operations.
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Flame icith Illuminating Power.—In many cases of combustion, flame

is produced which has no useful ilkiminating power. I have instanced

the combustion of sulphur and phosphorus. I might also adduce

examples of gases in cyanogen, carbonic oxide, and pure hydrogen,
which burn with flame, but not with useful light. When w^e want
brilliant and manageable flame, we burn compounds of hydrogen and

carbon. The reason why those compounds give a brilliant flame has

been explained.
These useful combustibles are to be sought for among the compounds

of vinyl, such as oils and fats, or in compounds such as coal, resin,

and bitumen, whose decomposition affords vinyl, or some of its salts.

The gas produced in the flame of a candle and the purified mixture

of coal-gas may vary much in composition, and in their relative propor-
tions of CH* and H,CH^, but all these mixtures burn with oxygen into

carbonic acid and water, giving a bright flame.

Flame icithout Illuminating Pomr.—The brightness of flame gene-

rally depends upon the presence of a large quantity of carbon in pro-

portion to the quantity of hydrogen. But it is also influenced by the

proportion of oxygen which is present, and the manner in which the

oxygen is supplied. Coal-gas contains no oxygen, and it burns with the

brightest light. Vapour of tallow contains some oxygen, and it burns

with a less brilliant flame. Vapour of alcohol contains a large supply
of oxygen (

= C^H^O), and it burns without brilliancy. But it is also

possible to burn coal-gas so that its flame shall have no brilliancy. In

the gas-burner which is represented at page 336 gas enters by the

flexible pipe, and is mixed with atmospheric air, which enters by the

small holes near the base of the tube. The mix-

ture thus made in the tube burns at the mouth

with a flame which resembles that produced by
a spirit-lamp. It has no brilliancy, and gives no

smoke. The same effect is produced if gas is

passed into a cylinder open at the bottom and

covered at the top with a wire gauze like that

of the Davy Lamp. (See fig. 405.) The gas
mixed in the cylinder bums at the top with a

})ale-blue non-illuminating flame, free from smoke.

Upon this principle the chemical gas-burner,

fig. 409, is constructed. A third example will

be shown in a subsequent piece of apparatus, ^^^^
where air is forcibly blown into the middle of a

of gas. In that case, also, the flame is without brilliancy and with-

r smoke. If you bring down a piece of white card over a white

rtame, such as that of a candle, a lamp, or a gas flame burning at a

-ingle large round hole, the card will be blackened with smoke, but

n it is brought into a blue flame it is not blackened. These facts
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seem to prove that when there is a comparative deficiency of oxygen
the hydrogen burns first, and the carbon afterwards. When there is a

sufficiency of oxygen in every part of the mixed gases both elements burn

at once. The carbon, perhaps, is first converted into carbonic oxide

gas, and that burns, with the hydrogen, and Hke the hydrogen, with a

blue flame. At any rate, when plenty of oxygen is present, there is no

sign of that whiteness in the flame which betokens the presence of incan-

descent solid carbon. It is, no doubt, in consequence of the complete-
ness of the burning which is thus effected, that the blue flame of gas

possesses so much greater a degree of heat than the white flame, and
that the flame of a spirit-lamp is so much more powerful than that of a

candle. To produce much light, oxygen must be supplied to the hydro-
carbons outwardly and gradually. To produce great heat, it must be

mixed with the hj^drocarbons, and supplied in excess.

Combustion -without Flame.—All varieties of carbon which are free from

hydrogen, such as charcoal, coke, anthracite, and graphite, necessarily
burn without flame. The product of the combustion, when the supply
of oxygen is insufficient, in consequence of slow draught, or any other

cause, is carbonic oxide
; when the supply of oxygen is abundant the

product is carbonic acid. When the above descriptions of fuel are used

in a furnace where there is a good draught, or a strong blast of air,

great heat is produced ;
but the heat diminishes when the supply of

air is lessened; so that in an open fire-place coke, anthracite, and

graphite do not burn readily. When air is drawn through a furnace by
means of a tall chimney, it is called a wind furnace. When air is blown

into a furnace by means of machinery, it is called a blast furnace.

The Use of Coal Gas, as a source of Heat in Chemical

Operations.

I have had occasion, in the preceding pages, to describe gas-burners
of several different patterns ; such as the cylinder gauze burner, fig. 409.

page 561 ; Bunsen's single jet for mixed gases, fig. 330, page 336; and

Bunsen's triple jet, fig. 243, page 241. The greatest heat produced by

a gauze burner lies in a horizontal line at about the sixth of an incl":

above the gauze, and rises not more than a quarter of an inch. In thai

line the heat is very great. Above that line it is much more moderate

The jets, on the contrary, give a tall bulky flame, in which a sraal

object, such as a crucible, can be entirely enveloped, and thus be sub

jected to a considerable heat, cut off from contact with atmospheric
air. The flame also having the faculty of playing about hke the flam<

of a spirit-lamp, can be made to expand under an evaporating basin,

a retort, and so be made to effect evaporations, boilings, and distillations

A four-jet burner will give a spread flame of 5 inches diamet<:?r.

I now proceed to describe some burners of a more general, or a raor

powerful character.
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Gas Apparatus for Boiling or Evaporating.
—

Fig. /jio represents a

gas-burner suitable for boiling, distilling, or evaporating large quantities

of liquid, a represents a

cone of brass, open at the

bottom and covered at the

top with fine wire gauze.
b is the pipe which brings
in the supply of gas. c is

a pair of dampers, moveable

by the handles d. They
can be so arranged as to

leave the gauze top almost

quite free, or to cover the

greater portion of it. e are

three supports to hold an

evaporating basin, kettle,

still, or other vessel, over

the flame, and pretty close to the gauze. The apparatus is made 4 or

5 times the size of the figure.

The movability of the pieces c,

permits the heat to be applied mo-

derately or powerfully according to

the demand of the experiment ;
and

by a proper management of the gas

stopcock attached to the tube b, an

economical and expedient use of the

gas can be made.

A different and more powerful de-

scription of evaporating furnace is pro-
duced by using a circle or a group of

Bunsen's single jets, within a cylin-

drical jacket ; the number of jets being
varied according to the quantity of

heat in request.
Bunsen's Gas Apparatus/or Heating

rudbles.—In this apparatus, a con-

siderable number of jets are combined

and used together. It is represented
in

fig. 411, at about one-sixth of the

full size. Air enters into the tubes

aear the base, as in the single jets, and

mixes in the tubes with the gas, which
s brought in by the flexible pipe.
There is also a chamber in the body of

he apparatus, so contrived as to mix
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the air thoroughly with the gas. The mixture then passes out by a

bundle of tubes, eight in number, bound close together, so as to make
a single flame of great power. A moveable jacket is placed round this

bundle of tubes, partly to bring additional air to the flame, and partly
to cut off the action of disturbing currents of air. The cracible to be

heated is suspended within a crucible-jacket by platinum wires, as is

shown in the figure. The two jackets are adjusted more or less closely
to one another, according to the bulk of the crucible, and the power
of the flame, or the degree of heat that may be required for the special

object of an experiment.
Mess's Crucible Furnace.—In this furnace, which is represented by

figure 412, the gas is mixed

with air in the body of the

apparatus marked a. The

gas is supplied by the pipe d,

and the air is blown into

it by a bellows or blowing
machine by the pipe c. The

flame rises into the chimney 6,

in the widened part of which

the crucible is suspended by
wires from a retort stand, a

ring of which is shown in the

figure. The chimney is con-

structed of iron, and lined

with fire-clay. Figure c * is

a ground view of the appa-
ratus at the point marked c.

The holes in the centre are

those through which the mix-

ture of air and gas rises from

the body of the burner. The

holes in the outer circle are

provided to permit an addi-

tional supply to the flame in

the chimney ;
the quantity of

air which is forced into the ap-

paratus by the blast applied tc

the pipe c, not being sufficient

to insure the perfect combus-

tion of the gas. This buroei

has sufficient power to meli

three or four ounces of copper
Pajis Gas Apparatus.— ,

412. The gas aj^paratus representee
'-
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by fig. 41 3 combines a variety of modes of using gas as fuel, and is adapted
for a great number of experiments. It is an apparatus that is used by

413.

lessor Deville and other eminent French chemists. The gas enters

lie pipe a, which is regulated by a stopcock. Upon the solid foot

the support to which this stopcock is attached there is a screw,
iiich fits a variety of burners suitable for different uses. The burner

, represented in the figure as screwed to the foot, and of which there is

separate figure, also marked &, contains a circle of small holes round
he side, near the top. This arrangement serves either to give a circle

>f small jets of gas for a diffusive heat suitable to evaporations, or to

liffiise gas among air, previous to its combustion as mixed gas. c re-

Tesents a single jet ; ^ is a flat jet for use with the blowpipe ;
e is

Vrgand burner, with a gallery to hold a chimney. This can be
i with a copper chimney when heat is required, and with a glass

iiiiney when light is wanted. / is a burner provided with a double-
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jointed movable nozzle, which can be fixed in any required direction,
and in which there is a blowpipe nozzle adapted to the flexible pipe ?,

w^hich on being connected with a bellows, gives a blast of air, or when
connected with a gas-holder, containing oxygen under pressure, can

supply a current of oxygen gas, so as to produce a most intense heat.

With the bellows and common air, this burner answers for glass-

blowing, heating small crucibles, and many other operations. When
oxygen is used, many refractory substances can be fused or burnt in the

jet. ^ is a cylinder of metal, open at the bottom, and covered with

gauze at the top. This, when used, is brought down over the jet b,

by altering the position of the thumb -screw on the vertical rod. This

burner has then the properties of the burner represented by fig. 409,

page 561. But additional power can be given to the flame by blowing
into it, by means of the pipe represented in the figure, a current of air

or of oxygen gas. The flame above the gauze becomes then more
suitable for the ignition of a crucible. A is a brass cone open at both

ends, and when used, it is to be brought round and depressed over the

jet 5, the cylinder g being removed. Three different burners are

adapted to the top of this cone, namely, i and j\ both of which are

provided with gauze tops, and k, to which is adapted the blowpipe I,

and w^hich is to be used in the same manner in the burner /, l. When
air and gas are mixed in the cone A, and burnt at the jet k, and oxygen

gas is forced in at the blowpipe ?, a most intense heat, capable even of

melting platinum, is produced in the resulting jet. m is a crucible

jacket w^hich fits the top of the cylinder ^, and in which crucibles to be

heated may be suspended by platinum wires from the uppermost ring

of the support. With this set of gas fittings, heat can be applied for

chemicaFpurposes under many modifications, such as—small flames and

large flames, moderate heat or intense heat, white flames or blu'

flames, heat spread widely or concentrated to a point.
JBwiseris Regulator for Hot-Air Baths, employed to heat stibstanc'

at any desired Constant Temperature.
— Substances that are to be heatc^

or dried at some constant temperature are put into a copper air-batl

of the form represented in
fig. 414, w^hich is suspended against th

wall of the laboratory, and heat is applied by a gas-burner d, pu
below the bath, and the distance of which is regulated by raising

depressing the fork on w^hich it slides, and which is secured by
thumbscrew to an iron rod attached to the end of the bath. Th

regulation of the temperature is effected by increasing or diminishin

the supply of gas to the burner d, which increase or diminution of th

supply of gas is managed as follows :
—The supply of gas enters by th

tube a, and goes into the tube h, whence it passes by the tube c. t

feed the btu-ner d. At the bottom of the tube 6, in the part whic

enters the air-bath, a quantity of mercury is placed. A glass tube

which is a continuation of the gas pipe a, passes down the tube 6, an



PATENT BLAST GAS FURNACE. 567

dips into the mercury. The depth of the dip is regulated in part by
the quantity of mercury put into 6, and in part by a screw in the

upper part of that tube, by turning
which the inner tube can be raised

or depressed, or fixed at any desired

point indicated by the scale which

is attached to that part of the tube.

This constitutes the regulator, and

being thus prepared it is put into

the bath, accompanied by the ther-

mometer e, and the jet d is lighted,

and raised or depressed, and the tube

a is adjusted by the screw on 6, until

the desired temperature is obtained

in the bath. If the apparatus is now
left to itself, the temperature remains

steady, provided the supply of gas
remains constant, but not otherwise ;

and it is to nullify the irregularities

which arise from variations in the

supply of gas that the regulator is

employed. The action of it is as

follows :
—When the quantity of gas

delivered by the supply pipe a is in-

creased, the heat rises, the mercuiy

expands in the tube 6, and increases

:he pressure upon the mouth of the

nibe a in such a manner as to lessen

Jbe supply of gas. On the contrary,
vhen the quantity of gas diminishes,

he heat falls, the mercury condenses,

he pressure is lessened on the mouth of the tube a, and the supply of

^ is increased. In this manner, a very constant temperature can be

naintained for a long time in this air-bath ;
and this is a point of great

mportance in comparative experiments on many organic substances.

Griffin's Patent Blast Gas Furnace.

The Patent Blast Gas Furnace produces a much greater degree of

\t than any of the apparatus yet described. It is capable of melting

many of the refractory metals, and in quantities that are so well

-iapted for the usual analytical experiments of philosophical chemists,
s almost to supersede the necessity of using fixed furnaces, or portable
last furnaces, fed by charcoal or coke.

The apparatus consists of two parts, namely, of a particular form of

(AS-BURNER, which is Supplied with gas at the usual pressure, and

414.
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with a blast of common air, supplied by bellows or a blowing machine,
at about ten times the pressure at which the gas is supplied.

Secondly, of a Furnace, which is built up in a particular manner,
round the flame that is produced by the gas-burner and the crucible

that is exposed to ignition.
The object of the particular construction of this furnace is to accumu-

late and concentrate in a focus the heat produced by the gas flame, and
to make it expend its entire power upon any object placed in that

focus.

This apparatus can be made of various sizes, according to the amount
of work which is required from it. I shall describe a few varieties of

the furnace, and the results of some experiments made with them,
which will show the reader what kind of work it is able to execute.

The Gas-burner.—The gas-burner is a cylindrical iron reservoir, con-

structed as shown in section in
fig. 415, which is drawn on a scale of

415. 416.

one-third the full size. It contains two chambers, which are not ^

communication with one another. Into the upper chamber, gas
allowed to pass by the tube marked gas. Into the lower chamber, ii

is forced by the tube marked AIR. The upper part of the burner is a

inch thick in the metal. Through this solid roof, holes are bored k

the escape of the gas. The experiments described hereafter were mad

with a burner that contained sixteen holes, arranged as showTi i

fig. 416, which is a surface view of the burner represented by fig. 41
=

But burners, with six holes, and with twenty-six holes, have been mad

for other purposes. The number of holes depends, of course, upon th

heating power required from the burners. The air passes from th

lower chamber, through a series of metal tubes, placed in the centre t

the gas-holes, and continued to the surface of the burner, so that th

gas and air do not mix until both have left the gas-burner, and then

current of air is blown through the middle of each jet of gas.
Th

bottom of the gas-burner is made to unscrew, and the division betwec
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the two chambers, which carries the air-tubes, is easily removable, for

the purpose of being cleaned. The GAS and air pipes which I have

used are both half an inch in the bore, and are ten inches long ; the gas
has usually had a ])ressure of half an inch of water, and the blast of air

about ten times that pressure. The quantity of gas used in an hour

was about lOO cubic feet. The stopcock which supplied it had a bore

of half an inch. The round rod, which is represented at the bottom of

the burner, fig. 415, is intended to fit it to the support, shown by 5, in

figs. 430 to 433.
W' hen the gas is lighted and the blast of air is put on, the flame

produced by the gas-burner is quite blue, and free from smoke. It is

two inches in diameter, and three inches high, and the point of greatest
heat is about two inches above the flat face of the gas-burner. Above
this steady blue flame there rises a flickering ragged flame, several inches

in height, varying with the pressure of the gas. In the blue flame, thin

platinum wires fuse readily.
When the gas is burning in this manner^ and the apparatus is

attached to flexible tubes, the burner may be inverted or held sideways,
without disturbing the force or regularity of the flame, so that the

flame may be directed into a furnace at the bottom, the top, or the

side, as circumstances may require.
The following articles are used in building up the gas furnace for dif-

ferent experiments. They vary in size according to the volume of the

crucible, or the weight of the metal which is to be heated, but I may give a

general idea of them by saying that figs. 41 7 to 429 are drawn of about

one-sixth part of the actual size of the articles which they respectively

represent. The scales of figs. 430 to 433 are marked upon them.

Fig. 41*7 represents a section of a circular plate of fire-clay, two
itiches thick, witn a hole in the centre, which exactly fits the upper part

417. 410.

f the gas-burner, which is made to enter into the hole three-quarters of

n inch. In external diameter, this clay plate agrees with each size of

iirnace.

Fig, 41 8 represents a section of a cylinder of fire-clay, of which two

'ieces are required to constitute the body of each furnace. In the

liddle of each cylinder, a trial-hole is made, one inch in diameter, to

hich a fire-clay stopper is adapted.
2p
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Fig. 419 is a section of a fire-clay cylinder, closed at one end, and

pierced near the open end with six holes, of half an inch in diameter.

The thickness of the clay is immaterial. This cylinder is three inches

high and three inches in diameter.

419. 420. 421.

Fig. 420 represents a circular plate of fire-clay, two and a half inches

or three inches in diameter, and one inch thick.

Fig. 421 is a cylinder of plumbago, to be used as a crucible support.

It is three inches in diameter, one inch in height and ^ inch thick.

It is pierced with twelve holes of three-eighths of an inch bore.

Fig. 422 is a similar cylinder of plumbago, two inches high, pierced

with twenty-four holes of three-eighths of an inch bore.

422. 423. 424.

Fig. 423 is of the same nature and materials, but is three inches ii

height. It has twenty-four holes of three-eighths of an inch bore.

Fig. 424 is a thin plate of plumbago, three inches in diameter

namely, of the same diameter as the above three cylinders. It has

small hole in the middle, and being of a soft material, the hole can '

easily cut or filed to any desired size.

To suit the larger kinds of crucibles and furnaces, cylinders are ma

resembling fig. 423 in form, but of greater diameter.

As in all cases the heating power of the gas furnace spreads lateral'

and does not rise vertically, the most advisable form of the crucibi

required for use in it, is short and hroad^ not tall and narrow, and tl

supporting cylinders must be shaped accordingly. No fire-bars '

grates can be used to support crucibles in this gas fiirnace, because 1

material, formed into narrow bars, can sufficiently withstand its powt
of fusion and combustion.

Fig. 425 is a plumbago cylinder, or crucible-jacket, two and a hi .

inches high, two and a half inches in diameter, and a quarter of an in« ;

thick in the walls. It has six holes of three-eighths of an inch diamet *.

near one end.
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Fig. 426 represents a circular cover or dome, flanged at the bottom,
and having a knob or handle at

the top. It is pierced with

twenty-four holes of a quarter of
an inch in diameter, arranged in

two rows near the bottom. This

size. IS

ofmade of plumbago. When ot 425. 4^6.

large size, of fire-clay.

Figs. 427 and 428 represent plumbago crucibles made with a solid

overhanging rim, the use of which is to suspend the crucibles over the

I 427. 428. 429.

gas-burner, by means of the cylinders, figs. 421 to 423. When the

cmcibles are too small to fit the cylinders, the flat plate, fig. 424, is filed

to fit the crucible, and is then placed on the cylinder, to whose
diameter it is adapted.

Fig. 429 is an ordinary crucible of porcelain or platinum.
. Besides these pieces of fire-clay and plumbago, it is necessary to be

provided with a strong iron tripod, to sustain the furnace, as represented

by c, in
figs. 430 to 433 ;

an iron pan, in which to place the furnace;
and a quantity of gravel, or rounded flints, not less than half an inch,
nor more than one inch, in diameter. These pebbles form an essential

part of this gas furnace.

Gas Furnace, heated at the Top, exhibited in Section by fig. 430.
—

a is the gas-burner, fig. 415 ;
6 is the support for it, when used below

the furnace
;

c is the iron tripod support for the furnace
; d, d\ are two

perforated clay plates, hke fig. 417, adapted to the gas-burner a;
e, e, are two clay cylinders, hke fig. 418. These pieces, a toe, -are

similar in all the furnaces represented by figs. 430 to 433, and will not

require description in each example.
The interior of the furnace, as represented by fig. 430, is built up

as follows :
—The clay plate, d, is put upon the tripod, c. Over the

Mtral hole in d, the clay cylinder, fig. 419, is placed, and upon that
> Under two or three of the clay plates represented by fig. 420.

Upon these a porcelain or platinum crucible, similar to fig. 429, is

placed. If it is of platinum, a piece of platinum foil may be put
between the crucible and the uppermost clay plate, to protect the

2p2
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crucible from contact with particles of iron, or against fusion with the

clay. The crucible is to be surrounded by the plumbago jacket, fig.

425. The space between this pile in the
centre of the furnace and the two

cylinders, e, e, which form the walls of
the furnace, is to be filled with flint

stones, or gravel, washed clean and
dried. The stones which answer best

are rounded, water-worn pebbles, of half

an inch to one inch diameter. These

may be piled up to the top edge of the

jacket, fig, 425. The number of clay

plates, fig. 420, must be such as to bring
tlie top of the crucible, fig. 429, to the

distance of two inches, or two and a half

inches at the utmost, from the flat face

of the gas-burner, a. In some cases,

merely one of the furnace cylinders, e, is

necessary, in which case the crucible and
its jacket is placed directly upon the

cylinder, fig. 419, and when only a

moderate heat is required, even the

packing with pebbles may be dispensed
with. Another means of diminishing
the heat is that of increasing the distance

between the gas-burner and the crucible.

The apparatus being thus arranged,
the gas is to be turned on, and to be

lighted, the blowing-machine is to be

put into action, and the nozzle of the

gas-burner is to be depressed into the central hole of the clay plate J,

as shown in
fig. 430. The whole force of the blue flame then strikes

the crucible
; part of it forces its way through the holes in the jacket,

fig. 425, and part of it rises and passes over the upper edge of the

jacket ;
after which it forces its way downwards between the pebbles.

The carbonic acid gas and the vapour of water which result from the

combustion of the gas, together with the nitrogen of the air, and any un-

combined oxygen, accompany it. No space being left open for the esciipe

of these gases at the upper end of the furnace, they go downw^ards through
the interstices among the pebbles, and passing through the holes in the

cylinder, fig. 419, and through the central hole in the clay plate d,

fig. 430, they escape finally into the air. In this progress, the hot gases

give up nearly all their heat to the flint stones. Water and gases

escape below at a very moderate temperature, water even runs down in

the liquid state, while the stones rapidly acquire a white heat, and if the

430.
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blast and the supply of gas is continued, they retain that white heat for

any desired length of time—for hours.

At the end of ten minutes after lighting the gas, the crucible, placed
in the described circumstances, and exposed to the full action of the heat

of the gas, and surrounded by substances which are bad conductors of

heat, is raised, with the jacket and pebbles around it, to a white heat.

The consequence is, that the full power of the gas jet is then exerted

upon the crucible and its contents, and after a time those effects are

produced which will be described presently.
If it is desired to inspect the substance subjected to the action of heat

in this furnace, the gas-burner is lifted out, and the crucible is examined

through the hole in the clay plate. To make it possible to inspect
*
substances at a white heat, the view is taken through a piece of dark

cobalt blue glass. If the substances submitted to heat suffer no harm
from the action of oxygen, it is better to dispense with a crucible cover,

and to direct the jet of flame directly down upon the substance to be

heated. The action is then more rapid. When the burner is taken out,

the substance in the crucible can be stirred, if it is considered necessary.
The following experiment will give an idea of the power of a furnace

of this description. A common clay crucible, three inches high and

three inches diameter at the mouth, was filled with about twenty-four
ounces of cast iron. It was mounted like fig. 430, in a furnace of four

inches internal diameter, and eight inches deep. The pebbles were
filled in to the edge of the crucible. No cnicible-cover and no jacket
were used. The flame w^as thrown directly upon the iron. In a short

time, the iron melted, the oxygen then reduced some of the cast iron to

malleable iron, which formed a thin, infusible mass, on the surface of

the cast iron. At twenty minutes from the lighting of the gas, the

furnace was dismounted. The crucible was taken out. A hole was
broken by an iron rod in the infusible, malleable iron surface, and the

fused cast iron below it was decanted into a mould, and made a clear

casting weighing twenty ounces. This experiment is a sort of "
pud-

dling process," in a small way, and the result shows that within twenty
minutes a heat is produceable in this little furnace which is more than

! sufficient for the decomposition of silicates by fusion with the carbonates

• of potash, soda, or barytes.

By breaking down the crust of malleable iron, stirring the melted
f cast iron, and continuing the heat, the puddling process above referred

\ to may be imitated more closely. When I call the malleable iron

i infusible, I mean within the space of 20 minutes, and under the de-
« scribed circumstances, because I shall show hereafter that the power of

vthis furnace is sufficient to fuse malleable iron.

I

In the same small furnace 32 ounces of copper can be fused in 15
' minutes. When the furnace is hot, that quantity of copper or cast

'iron can be fused in 10 minutes.

,1
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Gas Furnace heated at the Bottom, exhibited in Section hy fig. 431.

In this furnace the parts marked a, I, c, d, e, e, are the same as those

similarly marked in
fig. 430; but the gas-burner is in this case put into

the bottom of the furnace, instead of the

top, and the arrangement of the cnicible

and its support is altered in the manner
shown by the figure. Upon the centre

of the clay plate d, the perforated plum-

bago cylinder and cover, represented by
figs. 421 and 424, are placed ; and upon
them a plumbago crucible of the form

shown by fig. 427. The size of the cru-

cible, and the height of the perforated

cylinder, are to be so adjusted that the

bottom of the crucible shall be strack

by the hottest part of the gas flame;
that is to say, the space left between the

face of the gas-burner and the bottom

of the crucible must not exceed 2^ inches.

The crucible is provided with a closely-

fitting cover, and pebbles are then filled

in between the crucible jacket and the

furnace cyHnder e, and are covered over

the cracible until both the pieces of the

furnace e, e, are filled. The gas is then

lighted, the blast of air is set on, the gas-burner is forced up into th.:

hole in the clay plate d, and the operation proceeds. In from ten t

twenty minutes after the gas is lighted
—this difference of time depend-

ing upon the size of the furnace and the weight of metal contained in

the crucible—the interior of the lower cylinder e, acquires a white heat.

The progress of the operation can be watched by occasionally removing
the stone peg in the trial hole of the furnace cylinder e. The heat very

slowly ascends into the upper cylinder, and it never becomes so great

in the upper as in the lower cylinder. The greatest fusing power oi

the furnace is confined within a vertical space of about six inches

reckoning from the bottom. The power of flint pebbles to abstraci

heat from the gases which pass through this apparatus is quite remark-

able. When about six inches of pebbles lie above the crucible, ant

the crucible and the pebbles about it have been white-hot for half ar

hour, the hand can be held over the top of the fiirnace, within a fev^

inches of the pebbles, without inconvenience. It becomes wetted witl

the vapour which rises from the furnace, but feels only a moderat<

degree of heat.

This form of the furnace is attended by the inconvenience that yoi
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cannot examine the condition of the matter contained in the crucible, to

ascertain when the heat has been continued long enough. In cases

where the fusion is performed repeatedly on the same weight of metal,

this would be of no importance, because the power of the furnace is so

steady and regular, that the time of firing which has been found to

answer once will answer the same purpose again.
When it is supposed that the fusion of the metal submitted to trial is

completed, the gas is first to be turned off, and then the supply of air

stopped. You can either allow the furnace to remain intact till it is

cold, or lift off the cylinders e, e, with tongs, and allow the hot stones

to fall into the iron pan placed below the furnace to receive them. A
few bricks should be laid between the pan and the table or stool on

which it rests, if the latter is made of wood ; because the heat given .off

by the pebbles is very great. The pebbles being raked away from the

crucible, the contents of the latter can be examined.

Gas Furnace heatedfrom helow, and provided with a lifting apparatus,
to afford access to the Crucible ; exhibited in Section and in Perspective by

figs. 432 and 433.

This modification of the furnace is contrived to afford the means of

inspecting the contents of the crucible, without serious interruption to

the process of ignition. The apparatus is shown in section by fig. 432,
and in perspective by fig. 433. Besides the pieces that are similar to

} c

432. 433.

those which form the other furnaces, this furnace has two additions, a

lifter and a dome.

The lifter, represented by/, in figs. 432, 433, and separately by
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fig. 434, is a plate of fire-clay, two inches thick, and having a central

hole, large enough to go easily over the crucible jackets and crucibles

represented by figs. 421 to 424, 427 and 428 ; and sviall enough to

permit the plate to carry and lift up the dome^ fig. 426, when of a

sufficient size to cover the crucible. The lifter is bound with a ring of

stout iron, and is screwed to two iron rods, g, g, of from half an inch

434.

to
'

three-quarter inch in thickness, and three to four feet in length,

according to the size and weight of the furnace to be lifted.

The packing of this variety of furnace is performed as follows : the

clay plate d, and the lifter /, are placed upon the tripod-stand. The
crucible jacket, fig. 423, or one similar, but of larger size, is placed upn
the plate d. The crucible and its cover is then put into its place, and

is covered with the dome, fig. 426, which must rest upon the lifter/,
and must be of such a width as to clear the crucible easily when lifted.

The internal height of the dome should be such as just to clear the top
of the crucible cover. Consequently, where crucibles of different sizes

are used, domes of different sizes are also necessary. Observe, dis-

tinctly, that the cracible and its support are to rest upon the plate rf,

and the dome upon the lifter /. The furnace cylinders e, (?,
are now to

be superposed, and the space between the dome and the cylinders,
and that above the dome, are to be filled with small pebbles as already
directed. The gas may then be lighted, the blast of air set on, and

the operation be allowed to proceed.
When the ignition has been continued as long as is considered

necessary, or when you wish to inspect the contents of the cracible, the

gas is to be turned off, the blast of air stopped, and two men, holding
the bars g, g, are steadily to lift up the whole upper part of the furnace,

namely, the lifter/, the two cylinders e, e, the dome, and the pebbles ;

leaving the clay plate J, with the crucible and its jacket, both at a

white heat, standing clear in the middle. The cover of the crucible is

then to be lifted, and the contents examined. If the fusion is not com-

pleted, the furnace is to be carefully lowered into its former position,

the gas is to be turned on, and the blast renewed. This interruption of

the process scarcely occupies a minute. I have already mentioned that,

for the convenient inspection of the crucible at a white heat, it is neces-

sary to look at it through a piece of dark-blue glass.
The figures of the gas-furnaces are drawn to scales, which show the

relative proportions of the different parts. The absolute sizes of the
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furnaces depend upon the amount of work required from them. The
fusions described below were mostly made in a furnace of six inches

internal diameter, a few in a furnace of four inches internal diameter,
and one or two in a furnace of eight inches internal diameter ; all of

them with a gas-burner of sixteen holes, and a supply of gas obtained

from a half-inch pipe. A large furnace on the plan of
figs. 432, 433,

and with an internal diameter of twelve inches, will demand a gas-burner
of twenty-six holes, and a supply of gas from a pipe of nearly one inch

in the bore.

Examples of Fusions effected hy the Blast Gas Furnace,—The fusing

points of certain metals have been fixed by Daniell at the following tem-

peratures :
—

Silver . . 1873° F.

Gold . . 2016°
Copper . . 1 996° F.

Cast-iron . 2786°
Brass, with 25 per cent, of zinc, at 1750° F.

All these metals melt readily in the gas furnace. Quantities of 3 lb. of

copper or cast-iron can be completely fused in fifteen minut^^s in a six-

inch furnace. Quantities of 8 or 10 lb. of copper or cast-iron can be

completely fused into a homogeneous mass in a six-inch or eight-inch
furnace within one hour, using a sixteen-hole burner, and a supply of

gas from a half-inch pipe.
In a furnace of the same size I have fused 45 ounces of nickel, and

in other experiments I have produced masses of wrought-iron weighing
18 ounces, 28 ounces, and 40 ounces. The piece of 18 ounces was

perfectly fused. The piece of 40 ounces was not quite fused, the

crucible having melted, and stopped the operation. I have also fused

cobalt, and reduced it to the metallic state from the peroxide by ignition
with charcoal. The time required for the fusion of these refractory
cnetals is from one and a half to two hours.

Scraps of platinum can be fused into a porous mass, but not into a

^olid homogeneous bead. I have mentioned that thin platinum wires

"n^Q readily in the free flame of the gas-jet produced by the burner fig.

:

5 ; but when the jet plays upon a quantity of the metal contained in

. crucible the relations of power and effect are different.

tWhen

the metals to be melted are such as do not undergo oxidation,

ll method of action represented by fig. 430 is most convenient. In

B manner gold can be readily melted, and by removing the gas-burner
H melted metal can be stirred. When the action of oxygen is to be

voided, the crucible must have a cover, which in some cases should

•e securely luted to it.

Choke of Crucibles.—The experiments above referred to were made
nth coal gas at the ordinary pressure, and with a blast of cold atmo-

pheric air. Greater effects can be produced by the use of oxygen gas,

r^of heated atmospheric air. But a difficulty stands in the way of the

I
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use of these greater degrees of heat in the want of crucibles capable of

enduring their aciion.

With cold atmospheric air, pure nickel and pure iron dissolve every
kind of clay crucible, and it is therefore needless to heat the air or to

prepare oxygen till a superior kind of crucible is obtainable. At

present, these metals can only be melted in plumbago crucibles, which

necessarily communicate to them more or less carbon.

Metals which melt at moderate degrees of heat, such as gold and

copper, are easily fused either in clay crucibles, or in those of plumbago ;

the latter, be it remembered, being a mixture of graphite and clay.

Metals in combination with carbon, such as cast iron, also melt readily

in clay cracibles, without destroying them. But when such metals as

iron, nickel, and cobalt, are freed from carbon, and brought into a state

of purity, they acquire an extraordinary attraction for silica at a white

heat, so that the metal and the silica readily run down into a very
fusible silicate. Even when plumbago crucibles are used, the carbon

burns away at some particular point, the metal then attacks the clay,

bores a hole through theprucible, and finishes the operation. No kind

of clay or porcelain will withstand the action of pure iron or nickel

at a white heat. It is therefore impossible to effect any large fusions *

of these metals when they are free from carbon, or when they ar(
"

heated in cnicibles that are free from carbon.

Fusion of Metals in large quantities and Ignition of Objects of laro

size.—As the gas-bumer, fig. 41 5,
can be held in any required position

it is possible to apply heat to large objects by using several gas-burner

Thus, a large crucible may be fixed in a square furnace, and gas-burnei

be applied below and on the four sides of the furnace
;

the spaci

between the crucible and the walls of the furnace being filled wit

pebbles, to collect the heat and apply it to all parts of the crucible.

Muffle Furnace for Assaying^ Roasting, ^c.—A muffle, placed in a

assay furnace, and built up with pebbles, can be heated either froi

above or from below by the blast gas-burner. The flame and produc*

of combustion can be made to sweep throu,s;h the muffle, wheth(

going upwards or downwards. The air pipe and gas pipe attached 1

the gas-burner, fig. 415, must each be provided w^ith a stopcoc

When the front door of tiie muffle is opened to afford the opportunii

for examining the cupels, the blast, if continued, would blow out the

against the operator ;
but that occurrence is prevented by turning t'

stopcocks. When it is desired to oxidise the substances in the muffl

the furnace is first brought up to a sufficient temperature, and then t

gas is turned oft', but the blast of air is continued. The air passu

through the hot pebbles enters the muffle at a high temperature,
ai

not exhausted of oxygen, because there is no carbonaceous mati

present among the pebbles when the gas is turned off. The pure a

highly heated air is consequently in a proper condition for oxidisi
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metals that are already raised to a red heat in the muffle. The same

apparatus is useful where substances require to be roasted in the

presence of air, in order to oxidise and expel some volatile ingredient.
We have in this process an effectual means of using hot air to aid the'

process of cupellation.

Distillation per descensum.—Suppose a stoneware bottle with a long
neck to be fitted with a stoneware tube, passing nearly to the bottom

of the bottle, and projecting some inches beyond its mouth. Suppose
this bottle to be half filled with metallic zinc, and then to be fixed

upside down in the furnace, fig. 430, with the tube projecting down-
wards through the nole in the plate c?, and nearly dipping into a vessel of

water. The furnace being packed with pebbles, and the heat applied
at tlie top, the distillation of zinc per descensum then takes place.

Miscellaneous Uses of the Blast Gas Furnace.— i. The preparation
of chemical substances by the projection of mixtures into a crucible kept

j

at a red or a white heat. 2. For melting silver, gold, copper, cast iron,

\ brass, bronze, nickel-silver, &c., either for making small castings, or

ingots. 3. For experiments on glass; every description of which it is

able to fuse. 4. For experiments on enamels, coloured glasses, and

artificial gems. 5.
For experiments on metallic alloys. 6. For the

fusion of steel. 7. For the use of dentists, in the preparation of

mineral artificial teeth. 8. For the assay of ores of silver, copper,

lead, tin, iron, and other metals. 9. For all purposes of ignition, com-

bustion, fusion, or dry distilhition, at a red heat, or a white heat,

where it is desirable to produce those temperatures promptly, certainly,

steadily, conveniently, and cheaply.
Exhibition of Coloured Flames.—When the gas-burner, fig. 415, is

supplied with gas and air, and is inflamed in the open air, so as to

produce a clear blue flame of 3 inches high, and above it a flickering,

nearly colourless flame of 1 2 inches high, brilliant colours may be given
to this flame by the introduction of concentrated solutions of certain

salts. A ball of pumice-stone, 2 inches in diameter, fastened to a stout

iron wire, is dipped into the saline solution, and while wet is plunged
into the flame, upon which the whole flame becomes coloured. Solu-

tions of the following salts may be used for these experiments :
—

I. Cldoride of Strontium, gives a brilliant crimson flame. 2. Chloride
'"

Calcium, a reddish-orange flame. 3. Chloride of Sodium, brilliant

liow.
4. Chloride of Copper, bluish-green. If the flame is touched

M one side with the copper solution, and on the other with the

trontium solution, half the flame is green and half crimson. The
lours and reflections of these flames are necessarily most brilliant in

dark room. A remarkable effect is produced by the yellow soda

lame. It is reflected from the human countenance with a ghastly
)lackness. In order to prevent the obstruction of the jet, and the
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solutions into the pipes of the jet, it is advisable to lay the jet on its

side, which gives the coloured flames a horizontal direction.

Repair of the Gas Furnace.—When the clay cylinders become

warped or chipped, so as to allow the gases to escape at the joints

laterally, they must be luted for each operation by applying a little

wet fire-clay by means of a spatula. This can be best done during the

ignition, because the light then shows where the clay is required.
After the operation, the fragments of clay should be scraped away,
and not be allowed to mix with the flints, because when they get into

the body of the furnace, they melt and spoil the draught. When only
a moderate heat is required, this luting is unnecessary.
As the heat of the furnace gradually splits up the pebbles, all pieces

under J inch diameter, should from time to time be sifted away, other-

wise they stop the passage of the gases.

Spirit Lamps.

In many locnlities, the choice of a fuel is not left to the chemist. H(

uses coal gas if he can get it, and if not, he resorts to spirits or to char'

coal. I shall describe a hw varieties of lamps suitable for use with
spirits

The theory of the combustion of spirits I have explained sufficiently

The spirits commonly used as fuel for lamps are, alcohol = HjC^H'O
wood spirit

= H,CffO, and turpentine = CR^Q'W, all of which, b;

combustion with oxygen, necessarily produce carbonic acid and water

We are to consider here chiefly the forms of the apparatus.
The common spirit lamp is shown by fig. 20, page 49. Anothi

form is exhibited by fig. 435. This is

glass lamp, with brass fittings, including
rack for raising and lowering the wick, to n

gulate the heat as required.
The Russian Spirit Lamp.—This lamp

represented in section by fig. 436. It

usually made about six times the size of tl.

figure. The material is brass, hard solden

A quantity of alcohol, measured in the co\

A, is put into the enclosed space by the tul

Z, which is then closed by a cork. A similf

measure of alcohol is put into the

open space c, and this is set on

fire. The heat boils the spirit

contained in the enclosed space
and the vapour produced rushes

through the curved blowpipe d,f, I

takes fire at f, and produces a 436.

powerful bulky flame. The ob-

ject to be heated is placed in the position shown by the cover marked



SPIRIT LAMPS. 581

and is retained there bv means of a triangle support. Of course this

apparatus is suited only for operations which require a powerful heat

for a few minutes.II have represented at g, in
fig. 146,

page 183, one of the common forms of

the Argand spirit lamp. Another repre-
sentation of it is given in fig. 437.
This lamp differs in principle from an

ordinary Argand oil lamp only in the

manner in which the spirit is conveyed
from the circular spirit-holder a, to the

wick-holder 6, represented in
fig. 438.

The conveyance is by a tube k, which

passes from the bottom of the spirit-holder

to the bottom of the wick-

holder; the wick- holder

being detached from the

spirit-holder either by
spaces t, t, or by division

plates. If alcohol is burnt

in a common Argand oil lamp, in which
Jiere is no arrangement of this sort, the mixture of spirit and air which
brms above the liquor in the spirit-holder, sometimes takes fire with an

;xplosion, which does mischief.

Fig. 439 shows only a different method of mounting an Argand
pirit lamp, a is a pierced iron plate, and 6 is a brass plate, fitted to

437.

439-

^^ tripod c; c? is a moveable support for sustaining the handles of

lies, necks of retorts, &c., when placed over the lamp. Fig. 441
I>resents another method of mounting such a lamp. Fig. 439 is the
'I'lin mode, and 441 is the Paris mode.
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In
fig. 440, we have a representation of a lamp in which the wick-

holder and the spirit-holder are wider apart than in lamps of the forin

440. 441.

previously depicted. The effect of this arrangement is to keep t

spirit from boiling in the spirit-holder, and thereby becoming 1

manageable and wastefiil. This arrangement, however, is not v^

material
;

for lamps of the other form, if well made, kept clean, r

properly attended to, rarely become troublesome.

I)eville*s Turpentine Lamp.— Professor Sainte-Claire Deville

contrived a lamp, in which the combustion of spirit of turpentine

effected with the assistance of a blast of atmospheric air ;
and

result is the produetion of a high degree of heat. The apparatus

represented by figures 442 and 443, at about one-fifth part of the aci

size. The spirit of turpentine is put into the bottle «, from wbic

flows in quantities regulated by the stopcock placed on the pipe

which conveys it to the lamp c.
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The internal arrangements of this lamp are shown by the section

given in fig. 443. When the lamp is in action, the efflux of the tur-

442.

pentine is regulated by the position of the vertical tube fixed in the
middle of the turjjentine bottle, and intended to admit atmospheric air.

i This air-tube must be so fixed that its lower end

be exactly one-fifth of an inch below the

devel of the small holes shown in the centre of

i%. 443. The establishment of this level, and
the retention of the whole apparatus in a steady
liorizontal position, is essential to its proper work-

ing. If this is not attended to, either the flame

expires, or the turpentine flows over and burns

with a voluminous flame, which is dangerous,
md a smoke and stink which are most ofiensive.

The proper adjustment of the apparatus being

iccomplished, a suitable supply of turpentine

)eing secured to the lamp c, and the stopcock in

he pipe h being partially opened, the operation

nay proceed. Water is poured into the tray d,

round the lamp, and it is made to boil by the

vternal application of a spirit lamp, until it heats the turpentine within

iie lamp c, and converts a quantity of it into vapour. The stop-
on the pipe e may then be opened, and air be blown into the

443.
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the lamp. The air should come from a blowing-machine sufficientlj

powerful to keep up a constant blast of air under a pressure equal to

that of a column of mercurj three inches high.
The vapour issuing from the cone g, should then be inflamed, and

when it burns steadily the stopcock on the pipe h may be opened to

the full, and the whole force of the blowing-machine may be exerted.

A few careful trials are necessary to ascertain the correctness of the

levels, and to determine the extent to which the two stopcocks should

be opened.
The air and vapour of turpentine are mixed within the body of the

lamp c. The mixture is forced by the blast of air through the small

holes towards the centre of the lamp, under the dome g, and is there

inflamed, and at the same time acted upon by air from the blowpipe
in the centre, rising from the air reservoir at the bottom, which is fed

by the blastpipe e. This blowpipe should have a bore of one-twelfth

of an inch, but it should vary with the size of the crucible that

is to be heated.

The copper domes ^, h, i, serve to regulate the mode of applying

the heat ;
and the larger of them, A, which is three inches high, is that

on which crucibles are suspended by means of a triangle of platinun:

wire. The perforations in h, serve to admit atmospheric air, wher

the blast from the blowing-machine is not sufficient for the complete

combustion of the vapour of turpentine. The upper openings of the

domes ^, and i, are three quarters of an inch across. The flame of this

lamp is extinguished by turning off the two stopcocks ;
first that whicl

is on the pipe from the turpentine, and then that on the pipe from th<

blowing machine. The tray d, should be kept full of water durinc

an ignition, in order to prevent the too rapid boiling of the turpentio'

in the lamp c.

Blast Spirit Lamp.
—The spirit lamp shown by fig. 444 is adapter

for use with a mixture of alcohol and spirit of turpentine, and whe;

acted on by a good blast of air it has considerable power, though not s

much as that possessed by Deville's turpentine lamp. The spirii

holder, a, 5, and its vertical regulating air-pipe, resemble those

Deville's lamp ;
but it differs from that lamp by being used with a

Argand wick, and by having the air from the blowing-machine blow

up into the middle of the Argand flame. This air is blown in by tl

tube J, wtiich is capable of being raised or depressed and of beir

altered at the mouth by blowpipe jets having orifices of different size

to suit the varying supply of spirit and the changeful height of tl

Argand wick. The crucible that is to be heated is suspended by

triangle of platinum wire on the notched cone inverted over the lamp.

Deville's Chemical Forge.
—This furnace is to be used with good col-

or cinder of good coal, when the highest degrees of heat are to 1

obtained. It is, however, fitted to serve a variety of chemical pr
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cesses where gas is not at command. It consists of a blowing-machine
and several adjuncts for miscellaneous operations. The whole of the

inui||i|iii(i|lill|iM|iii|iliiiii)iii|iil|Mi|iiMiiii|iii)|ii|iiiiiiiiiiiliiliiniiiiriirti|iii~i

444. W^

fittings are represented by fig. 445. The blowing-machine is repre-
sented by letter a. It is worked by the handle marked b, but some-
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times by a chain or cord attached to a foot-board hke that represented
in

fig. 446. The head of the blowing-machine turns round
horizontally,

so that the handle, b, can be put into any convenient position, to suit

the operation or the locality. The blast of air passes from the blowing-
machine to the three-way stopcock c, by which it can be directed either

upwards through the tube d, or sideways through the tube e. Letter f
represents an iron table, in which there is a cavity which qualifies it to

act as a smith's forge. This cavity is under the plate i, which must be

removed when the apparatus is to be used as a forge, and the solid iron

nozzle, gj must be fixed in its proper place. The iron table, /, is

screwed at the back to the blowing-machine, and is supported in front

by two iron legs, also marked /. Letter h represents a back to which

the nozzle g can be fastened.

When the apparatus is to be used as a blast furnace, the nozzle g is

put aside, the plate i is fixed, as showm in the figure, including the round

plate perforated with holes, which is placed in a cavity over the blast oi

air. The fire-clay cylinder, k, is then placed on the platform, i, direct))

over the perforated plate, and in this cylinder crucible operations are tc

be performed. The crucible is placed on the middle of the perforatec

plate, a little raised by a fire-clay foot, and is surrounded and covered b}

chopped coke or cinders free from clinkers, of the size of nuts. The greates
heat in this furnace commences at about an inch from the perforated botton

plate, and ends at about 3 inches from the plate ;
but within tliat range i

is very intense. Above 3 inches, the heat diminishes with rapidity, in cor

sequence of the conversion in the upper part of the furnace of carboni

acid into carbonic oxide. According to M. Deville, the production c

carbonic oxide takes place to such an extent that it can produce a flam

of 6 feet high. Letter I in fig. 445 represents a cover which serves, t

some extent, to prevent the scattering of the fuel by the blast of air.

The heat produced by this furnace is so great that it brings inl

action the difficulty which arises in the use of the blast gas furna'

namely, the want of crucibles sufficiently refractory to endure its pow'
M. Deville recommends the formation of crucibles of gas-coke, qui'

lime, and pure alumina. These substances may answer for refiii

experiments in the hands of a philosopher, but they are unsuitable !

commercial operations, or for the use of students of chemistry. Crucibi

of gas-coke of any considerable size are so difficult to procure that th«

become excessively dear. Quicklime is, in many situations, not easi

procurable, and crucibles made of it must be used immediately, or th-

fall to powder. Alumina is not only expensive, but it cannot

formed into sound crucibles without great difficulty, and with so ma

failures, as to make the, cost very great. It follows, therefore, tl

improvements in crucibles are required before the power of existing fi

naces can be fairly tested.

Letter m, in
fig. 445, is a blowpipe table (for glass-blowing

a
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similar purposes), which can be adapted to the blowing-machine instead

of the forge or blast furnace. When adjusted to it, the blowpipe n is

connected with the air-tube e, and the stopcock c is reversed to suit this

new arrangement. The blast of air is in this case to be put into action

by a string or chain fastened to the handle h, and connected with a foot-

board fastened to the ground, on the plan of the one represented in the

next figure.

The blowing-machine of this apparatus, if it gives a sufficient and

continuous blast, can be used with the blast gas furnace.

Glass-Blowing Appakatus.

I conclude this section wath a representation of a glass-blowing appa-

ratus, which, after the foregoing description of a blowing-machine, requires

no particular notice. It gives a steady blast of air, which is to be used

with an oil-lamp or a gas-burner. It can also be used as a blowing-
machine in all cases where its blast is sufficiently powerful.

knilillilniirHlriliiiiii^MJi;^

2q2
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5. SULPHUE.

Symbol, S ; Equivalent, 1 6
; Specific gravity of gas, 96 ; Atmnic

measure when isolated, i volume. According to Bineau, the specific gravity

of the vapour of sulphur at 1800° F. is 32, in which case its atomic

measure will be half a volume. Atomic measure when acting as an acid

radical in gaseous salts, o ; Condensing power on other radicals, with which
it combines toform gases, o.

Occurrence in nature. See page 12.

Properties.
—At the ordinary temperature of the atmosphere, sulphur

or brimstone is a sohd substance, exhibiting a shelly fracture and a vel-

low colour. When it is obtained in crystals by proper treatment of a

solution of sulphur, or when found in the vicinity of burning mountains,
it is transparent ; but when it has been submitted to fusion, it is opaque.
When obtained in the state of powder, and particularly when produced
in an aqueous solution, its colour is nearly white. It is brittle. Its

specific gravity is 1*98. It is insoluble in water, and not poisonous.
It burns in the air with a blue flame, and diffuses a peculiar odour,

which is due to the presence of sulphurous acid gas. It fuses at a tem-

perature rather higher than that of boiling water, about 230° F., and at

270^ F. it forms a thin yellow fluid, while at a still higher temperature,
about 320° F., it becomes thick and gluey, and acquires a brown
colour. If the thick fluid is put into water, it produces a brown tena-

cious mass, which remains soft for some time, but ultimately become

solid, brittle, and yellow. If the melted sulphur is raised to a very-

high degree of heat, about 800° F., in closed vessels, it boils, and is

converted into a deep orange-coloured gas, which appears ^o the eye
Hke peroxide of nitrogen. The volume of this gas is 300 times greater
than that of the solid sulphur. Its specific gravity and atomic volume

are stated above. If this gas is inflamed in the air, it burns, like sulphur,
with a blue flame and a smell of sulphurous acid. It is in consequence
of the production of this peculiar odour by combustion that the presence
of sulphur is very easy of detection.

When sulphur is boiled with nitric acid in a flask, it dissolves, and

produces oil of vitriol. Nitric acid of ordinar}^ strength effects this

oxidation with difficulty ; but fuming nitric acid is capable of dissolving

sulphur with facility. Hydrochloric acid does not dissolve sulphur.

Aqua regia, or a mixture of nitric acid and hydrochloric acid, converts

sulphur into oil of vitriol more readily than either of the acids alone.

Chlorine gas led over powdered sulphur produces chloride of sulphur.

A solution of pure potash dissolves sulphur at a boiling heat, and the
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resulting solution contains sulphide of potassium and the salt termed

hyposulphite of potash.

447.

Experiments with Sulphur.

1 . Fusion and Crystallisation.
—In a small glass capsule, exposed to a

gentle heat over a spirit-lamp, put a small lump of sulphur. When
that is melted add another lump, and so on till the glass is nearly full

of melted sulphur. Take care to keep the temperature as low as pos-

sible, consistent with the fusion of the sulphur, which at 230° F. will

form a limpid, citron-coloured liquid. Remove the

lamp, and observe the cooling of the sulphur. Fine

crystals will be seen to shoot from the sides and stretch

towards the centre. When these increase, so as to

seem to be ready to cover the whole surface as with a

net, the glass may be suddenly inverted and the

residual liquid be drained out. The capsule may be

taken hold of by the fingers for this purpose. If the

ejection of the fluid sulphur is effected at the proper moment, the glass
will contain an elegant collection of slender, delicate, transparent needles

of sulphur. The process may be repeated till a good product is

obtained.

2. Melt about a pound of sulphur in a crucible at the lowest tem-

perature that will insure fusion ; remove the crucible from the fire, and
let it cool till a crast is formed on the surface.

Prick a hole in the crust, invert the crucible, and

let the residue of the liquid sulphur ran out.

When the crucible is cold, break it to get at the

mass of crystals, which must be sawn across, as

shown in the figure.

3.
Fusion at a high temperature.

—Melt sulphur
in a porcelain capsule over a spirit-lamp or gas-

light, and gradually increase the heat, until the

thin lemon-coloured liquor turns thick, and

changes its colour, passing from yellow to red,

brown, and almost to black. At this point lift the capsule and pour
the sulphur from a height into water contained in a pan. The brown

sulphur will form a soft tough mass, which

possesses great ductility, so that it can be

pulled into strings, and v/hich does not be-

come hard and brittle, or resume its yellow
colour for some days. If melted sulphur in

the state of a thin yellow liquor is poured
into water, it immediately forms a yellow
l>rittle solid.

448.

448a.
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4. Comhustihility of Sulphur.
—Heat a fragment of sulphur upon a

piece of broken glass or china, or in a capsule. It first melts and
afterwards takes fire, burning with a blue flame, and the well-known

suffocating odour of burning brimstone. This odour results from the

diffusion of sulphurous acid gas. Sulphur burnt on charcoal before

the blowpipe, or at the flame of a candle, or in an open glass tube,

produces the same effect. Sulphur burns with a brilliant flame in

oxygen gas. See page 1 84.

5
.

Volatility ofSulphur.
—Heat a small piece ofsulphur in a tube of hard

glass, closed at one end, and held over the flame of a spirit-lamp at an angle
of about 45°. The upper end of the tube may be partly closed by a

square cork. See page 57. The sulphur at first melts, and then rises in

red vapour, which condenses in a fine powder on the upper cooler part
of the tube. This powder is flour of brimstone, or sublimed sulphur.

6. Distillation of Sulphur.
—

Sulphur can be purified from fixed sab-

stances by distillation in close vessels. If the sulphur is pure it leaves

no residue. A small quantity of it is

fused in a retort, a, by the heat of a

spirit-lamp. The sulphur soon rises

in the state of gas, which, being

coloured, is visible. In the cool part

of the neck of the retort, c, this gas
becomes condensed, that is to say,

where the temperature is reduced be-

low 230° F. It then forms a yellow

crystalline powder (sublimed sul-

phur). On continuing the distilln

tion, the neck of the retort gi'aduall

becomes warm, upon which the powder melts, and as soon as it i

sufficiently fluid, it runs down the neck of the retort into the receiver,
'

The whole of the sulphur can be thus driven out of the retort into tht

receiver. If it contained clay, sand, or other mineral impurities not

volatilisable, these remain behind in the retort. It is by such a proce-
as this that most of the sulphur of commerce is prepared from minen^

ised sulphur procured in Sicily and other countries. Sulphur is ah

separated by heat from some metallic sulphides, as that of iron. Thii

FeS^ = FeS -}- S. The roll sulphur is prepared by mnning fused snl

phur into moulds. The sublimed sulphur is prepared in quantities, b;

distilling sulphur in a current of warm air, but at a temperature too lov

for combustion. As the air cools, the sulphur is deposited from it ii

powder, just as gaseous water falls from cold air in the form of snow.

7. Precipitated Sulphur.
—Boil powdered sulphur in a solution c

caustic potash. It produces a transparent brown liquor which hold

sulphur in solution. If the clear liquor is mixed with diluted sulphur!

acid, the sulphur is precipitated in the form of a greyish-white powder.

449.
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8. Crystallisatbn of Sulphur from a solution.—Sulphur dissolves in

hot oil of turpentine, and more readily in sulphide of carbon. The last-

named fluid is extremelj volatile, and readily flies off" in vapour when

exposed to the air in an open vessel. Hence a solution of sulphur in

sulphide of carbon very readily gives crystals of sulphur. The form of

the crystals of sulphur obtained at volcanoes is the same as the foi*m

of those that are obtained by crystallisation from solutions and by slow

sublimations, being a rhombic octahedron ;
but the form of the crystals

of sulphur produced by fusion is different, and belongs even to a different

system of crystallisation.

9. Imitation of Medals and Seals in Sulphur.
—A mould is first made

in plaster of Paris. The medal to be copied is surrounded by a rim of

paper, and is slightly oiled over its whole surface. A thin mixture of

plaster of Paris and water is poured over it, and allowed time to consoli-

date. This forms the mould, which is separated from the medal when

quite solid, and is well dried by exposure to a moderate heat. It is to

be slightly oiled, and a band or rim of paper is fastened round it.

Sulphur is then fused into the brown tough state, and when liquid, is

poured into the mould. When it is cold, the impression will resemble

that of the original medal. It may be bronzed by rubbing over it a

little plumbago.
10. Spontaneous Combustion of Metals in Gaseous Sulphur.

—
Sulphur

is to be boiled in a long test-tube of hard glass, one inch in width, till

the tube is full of gaseous sulphur. The tube may be supported as

shown in pages 48 or 76. Or instead of using a tube,

the sulphur may be boiled in a vessel of hard glass,

similar to a Florence flask, as shown in
fig. 450.

— i.

Nickel, in fine powder, poured into it, spontaneously
inflames.—2. Thin films of copper do so also.— 3.

A
bit of potassium, fixed on a thin iron wire, inflames and
sets fire to the iron, which does not inflame alone.—4.
A thin plate of copper becomes red-hot when held in

gaseous sulphur.
—

5. If thin iron wire is coiled round

such a plate of copper, and the two metals plunged

together into the gaseous sulphur, first the copper
becomes red-hot, then the iron takes fire and burns with

a brilliant light, and finally the plate of copper melts.—
6. Narrow slips of tinfoil inflame.—7. Pretty thick slips

of sheet-lead inflame and fall down in drops of sulphide
of lead.

When pieces of iron and capper wire cannot be procured sufficiently
thin for the above experiments, the action may be promoted in the

following manner. The tube is to be chosen pretty long, and to be

placed almost horizontally ;
the sulphur put at the bottom and the

twisted wire near the middle of it. That part of the tube is first to be

A
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heated where the metal hes, and then another spirit-lamp is to be used

to boil the sulphur, the vapour of which acts more readily when the

metal is thus previously heated. The compounds produced by these

combustions are metallic sulphides.
Oxides of Sulphur.—The compounds w^hich contain sulphur and

oxygen only are these three :
—

SO. Sulphate^ or Sulphm*ous acid.

S,SO^ Sulpha sulphite, or Anhydrous Sulphuric acid.

S,SO. Sulpha sulphate.

Of these three compounds, the first and second can be obtained in an

isolated state. The third only in combination with oxysulphur salts.

Sulphurous Acid.

Formula^ SO; Equivalent, 32; Specific gravity of gas, 32; Atomir

measure, i volmne ; Systematic nam£, Sulphate.

Preparation of Sulphurous Acid Gas.—i. Take equal weights of

metallic mercury and concentrated sulphuric acid; pour them into a

retort or flask, and apply the heat of a lamp or small furnace. This gas
is absorbable by water, and cannot be collected in jars placed over the

water-trough. It must, therefore, be collected over mercury, or else b\

the method of displacement described at page 320. But, in this case,

as the gas is very much heavier than common air, it must be collected

in a receiver placed with the mouth uppermost, fig. 452. Let each bottle

of gas be corked and secured with soft cement as soon as it is full.

Theory :
—

Mercury Hgc
"j [HgcSO'' Mercuric sulphate

01,. . , HSOn = < SO Sulphurous acid.
Sulphuric

aadjjg(3,J | ^^^ ^^^^^,^

Fig. 451 represents the arrangement of apparatus used in this

experiment. As the gas carries with it a little sulphuric acid, it

452.

i
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requires to be washed in water before it is collected. If it is to be

collected in a dry state, it must then be passed through a chloride of

calcium tube, and ultimately be collected over mercury by such an

apparatus as is shown by fig. 311, page 319. Fig. 452 shows the

method of collecting this gas by displacement,
the delivery-tube passing

down to the bottom of the jar. To ascertain when the jar is full of gas,

moistened coloured test-papers are held to the mouth of the jar.

Sulphurous acid bleaches many vegetable colours, such as those of

brazil and logwood ;
it first reddens litmus.

2. Sulphurous acid gas may also be prepared in the above manner

with copper turnings instead of mercury.

Theory :
—

Copper Cue
]

fCucSO* Cupric sulphate.

^ , , . . , HSO^ >
= \ SO Sulphurous acid. -

Sulphuric acid
jjg^, | | ^^^ ^/^^^^

3.
Mix intimately three parts of black oxide of copper with one part

of sulphur, put the mixture into a narrow glass tube, and put above it

half its bulk of oxide of copper. First heat the latter red-hot, and then

heat the mixture, which will give out sulphurous acid gas. It may be

passed through a tube containing chloride of calcium, or through oil of

vitriol contained in a V'^^be. The gas so prepared is pure.

Theory :
—
Cupric oxide Cuc,CucO _ CuS Cuprous sulphide.

Sulphur S + S
~

SO Sulphurous acid.

4. Mix three parts of black

oxide of manganese with one

part of sulphur, both in fine

powder. Heat the mixture

in a httle retort, and wash
the disengaged gas in a small

quantity of water. It is then

Dure sulphurous acid. ^

Theory:— 453.

^eroxide of manganese MnO+MnO _ Mn,MnO Protoxide ofmanganese.

5ulphur S
~

SO Sulphurous acid.

Properties of Sulphurous Acid Gas,—This compound gas is colourless,

ncombustible, incapable of supporting combustion, and possessed of a

•eculiar suffocating odour ; it reddens wet litmus paper, and bleaches

lany vegetable and animal colours (straw, nuts, wood, jelly, sponge,
ilk, wool, &c.) The specific gravity of sulphurous acid gas is 32. Its

tomic volume is i . Hence it contains equal weights of oxygen and

-ilphur. By pressure or exposure to the temperature of 4° F., it is

lade to assume the form of a liquid, which boils at 14° F., and pro-
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duces great cold by its evaporation. It is not decomposable by heat.

It combines directly with l3rown oxide of lead and produces white

sulphate of lead. PbO + SO = PbO + SO = PbSO^ Sulphurous
acid dissolves without decomposition in water, and the solution possesses
the odour and many of the properties of -the gas. This solution is con-

verted into sulphuric acid if long exposed to the air.

Experiments with Sulphurous Acid Gas.— i. If a lighted candle is let

down into a jar of this gas, it is immediately extinguished. When the

gas is breathed, even when largely diluted with common air, it excites

violent coughing. When a chimney is on fire, sulphur is sometimes

put on the fire below, to throw this incombustible gas up into the

chimney to put out the fire.

2. Sulphurous acid gas bleaches a great variety of vegetable colours

sometimes first turning them red. Try litmus paper ; also tmcture o

cabbage, or logwood. Its solution in water produces the same effects.

3.
A red rose loses its colour when dipped in a solution of sulphurou;

acid. The red colour is restored by dipping it into diluted sulphuri* _

acid.

4. This gas is rapidly absorbed by water. If a bottle of cold water

saturated with this gas, is plunged into a basin of hot v/ater an(

uncorked, an infinite number of small bubbles will be instantaneousl;

extricated, and the water in the bottle will appear to boil.

The great use of sulphurous acid in the arts is to bleach animf

substances (woollens), the use of chlorine being restricted to the bleacl

ing of cotton goods.
Condensation of dry Sulphurous Acid Gas to the liquid state -

Sulphurous acid gas can be condensed to the Hquid state under t1

ordinary pressure of the atmosphere, if it be reduced by a freezi

mixture to the temperature of 4° F. To effect this condensation, t

gas, prepared in a pure and dry state,

^::=. to be passed through a tube of the form

fig. 454, immersed in a freezing mixtu

consisting of pounded ice and coram

salt, or better, of pounded ice and cryst.

of chloride of calcium. It can also

collected by means of the apparat

434. recommended at page 527, fig. 396,
t

the condensation of gaseous cyanogen.

The liquid thus produced is extremely volatile in the open air, becai

at 60° F. it requires a pressure of two atmospheres to keep it in t

liquid state. If applied to cotton wool wa-apped about the bulb of

spirit thermometer, it reduces the temperature down to —40°

Preparation of solution of Sulphurous Acid in water, or in solutions

Alcalies (Sulphites),
—

i). The sulphurous acid gas for this purpose w >
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be prepared by the following easy and economical process :
—We have

seen that sulphur burnt in atmospheric air produces sulphurous acid.

By the assistance of the apparatus shown in the annexed figure, the acid

so produced may be collected and applied to use. a is a glass funnel,

b a metallic cup, such as was described at fig. 150, page 185, da
V-tube, fg a water-bottle, c e connectors, q p a tube support. When
the water runs from the stopcock g^ air passes through the apparatus in

the direction of the arrow, from a into /, and therefore passes through

any liquor put into the V'^ube at d. If the cup on the support b is

filled with burning sulphur, the products of the combustion are drawn
with the atmospheric air,

through the V-tnbe, and the

sulphurous acid is absorbed

by the solution put into the

bend of the V-tube, whether

it be merely water or a solu-

tion of an alcali.

2). Instead of the pieces
of apparatus a 6 c it is better

to connect the tube d with a

piece of stoneware or porce-
lain tube placed horizontally,
and to put the sulphur into

the end of this tube, with a lamp placed immediately below, to keep up
the combustion. In this manner sulphurous acid can be conveniently

prepared in any quantity.

Experiments.
—Pass, in this manner, sulphurous acid through a solu-

tion of cabbage, which is first reddened and then bleached
;

or through
a solution of bichromate of potash, the yellow colour of which turns to

^reen, owing to the reduction of the chromic acid to oxide of chromium ;

3r through a solution of carbonate of soda, which produces sulphite of

5oda. See the article on *' Sulphites."

455.

Anhydrous Sulphuric Acid. Sulphuric Anhydride.

Formula, S,SO^; Atomic weigld, 80; Specific gravity of its gas, 40;
Atomic m.easure, 2 volumes ; Systematic name. Sulpha sulphite.

Preparation
— i. By distilling fuming Nordhausen sulphuric acid, at

he lowest temperature at which that acid boils, and collecting the

iroduct in a receiver cooled with ice. When the boiling ceases, and

:he conducting-tube becomes hot, the distillation is stopped. What
•emains in the retort is oil of vitriol.

Theory :
—

^. ,, ., f2HS0«1 1 2HS0« = Oil of vitriol.
iSordhausen acid

| q^o.\=[ ggQs = Sulphuric anhydride.
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2. It can also be prepared by distilling at a high temperature th(

bisulphate of soda that has been previously heated to dull redness, t(

deprive it of all the water which it can yield. Neutral sulphate o

soda remains in the retort.

Theory of the Preparation of dried Bisulphate of Soda :—
Bisulphate of jNaSO* + HSO^l _ f2NaS0« + SSO^ The dried salt

soda, 2 atoms.) NaSO* + HSO^j
~

\ HHO Water.

Theory of the Decomposition of the Bisulphate of Soda :
—

Dried bisulphate j 2NaSO* 1 _ J2NaS0^ Neutral sulphate of soda,

of soda. \ SSO^I
~

\ SSO^ Sulphuric anhydride.

According to this view, the fuming sulphuric acid and the drie

bisulphate of soda have the same equivalent composition. The theor

of the anhydrides has been given at page 295.
The similarity in constitution between the Nordhausen acid and th

dried bisulphate of soda demands especial attention. The two coir

pounds are :
—

HS0^4- HSO^ + S,SO^
NaSO* + NaSO^ + S,SO^

This constitution is very common with compound salts of such acids i

are subject to produce anhydrides. Thus, I have |shown at page 44
that acetates exist which have this constitution :

—
K,C^H^ + K,(7H^» 4- C»H^C^H^O^

It is also the form of the salts usually called bichromates :
—

KCrO* + KCrO* + Cr,CrO'.

Properties.
—The sulphuric anhydride is not an acid. It forms whit

silky, fibrous crystals, which are tough, ductile, and can be moulded

the fingers without burning them. When thrown into water, it his^

like a red-hot iron, and produces much heat. Double decorapositi

takes place, and hydrated sulphuric acid is produced :
—

SSO' + HHO = HSO' + HSO«.

The anhydride melts at 65° F., and boils at 110° F., producing

colourless gas.

Sulpha Sulphate.

The Anhydrous Acid Sulpha sulphate
= S,SO, corresponds to the h

drated Acid Hydra sulphate = H,SO.

I have explained the relation that exists between the hydrated a

the anhydrous sulphuric acids. I have shown that these are both
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be considered as salts, and that the latter is produced by the decom-

position of two atoms of the former :
—

HSO* + HSO« = HHO + S,SO'.

Precisely the same relationship exists between the hydrated acid H,SO
and the anhydride S,SO ; for

H,SO + H,SO = H,HO 4- S,SO.

This compound, which I may call Sulpha Sulphate, is of great im-

portance for the elucidation of the salts of the polythionic acids, but it

is unknown in the free state, and we can only infer its existence from
the composition and the properties of the salts of which it is a compo-
nent. But supposing that we could isolate it, we should have a salt on
the model of water, in which S would be an unoxidised positive radical,

and SO an oxidised negative radical, together = S,SO.
The anhydride S,SO exists in the salts that are called anhydrous

hyposulphites, just as the anhydride S,SO^ exists in the fuming
mlphuric acid and in other equivalent salts. The name pentathionic
icid, applied to the compound H,SO depends upon the unproveable

issumption, that the composition of the acid is H'S'^O^.

OxmisED Sulphur Salts.

In my treatise on the Radical Theory, T have discussed the constitu-

ion of the oxysulphur salts at considerable length. In this place I can

•oly notice the most important of the series.

In the following formuIsB, M signifies a basic radical, either hydro-
:en or a metal. In some cases only the hydrogen salts are known,
a some cases only the metallic salts.

H = I. S = i6. O = i6. Usual Names.

1. HSO^ = HO + SO Sulphates.
2. HSO = H + SO Pentathionates.

j MSO^I j
MO -f- SOI c!

, .., rj^^ ^,2^3
3-

I HSO f =1 H + SOf ^^^P^^tes,
= HM,S^O^

4-
I MSO }

=
{ M t so)

HyPos^lpl^ites, = HM,S«0^

5- i^SoH^^tso} Hyposulphates,=H,S^03.

^ j
HSO«] _/ HO 4- SOI Sulphates saturated with

^-

I HO
J

-
1 HO f oxygenated water = H^SO^

The Sulphates = HSO* or MSO*.

Under this head I shall describe fully the most important compound
the series, namely, oil of vitriol, commonly called hydrated sulphuric
id.
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Sulphuric Acid.

Formula, HSO^; Equivalent^ 49; Specific gravity in the state of ga&

24*5; Atomic measure, 2 volumes. In the gaseous salts when H i

replaced by a basic radical, C°H"+^, the acid radical S loses its atomi

measure, and the salt measures only one volume.

Synonymes, Hydrated Sulphuric Acid ; Oil of Vitriol. Systeraati

name, Hydra sulphete.

Properties of Hydrated Sulphuric Acid.—When sulphur is burnt i:

oxygen gas, and the gaseous combination of sulphur and oxygen i

dissolved in water, and exposed to atmospheric air so as to absor

more oxygen, the liquid product is found to possess, in a very eminer

degree, the distinguishing properties of acids. This liquid, when cor

centrated to the specific gravity of i '845, is termed oil of vitriol. 1

freezes at -
31°? and boils at 617°. It is caustic, and therefor

poisonous. It has a powerful charring action on organic substance;

small portions of which give it a brown colour. Its density is nearl

twice that of w^ater
;

for which body it has a strong attraction. Whe
mixed with water, great heat is produced. It abstracts water from tt

atmosphere. Sulphuric acid is prepared, in the large way, by bumin

sulphur mixed with a small portion of nitre, in closed chambers line

with lead. The nitre furnishes oxygen to the sulphur, and the aci(

as it is produced, combines with a quantity of w^ater, which is forcf

into the chambers in the state of steam. This liquid acid is afterwan

boiled, first in lead pans, and then in platinum retorts, to free it ;

much as possible from water. The use of sulphuric acid in chemistr

metallurgy, bleaching, dyeing, medicine, and other arts, is very extensi^

It is required for the preparation of most other acids. Some me:

dissolve in cold sulphuric acid, and disengage hydrogen gas. Oti

metals dissolve in hot sulphuric acid, and disengage sulphurous ac

gas. In general, the cold diluted acid produces basylous salts, and t

hot strong acid produces basylic salts.

Sulphuric acid is to the chemist what iron is to the mechanic,

once his most indispensable work-tool, and the raw material w

which he fabricates numberless important articles. The demand foi

is enormous. In Great Britain alone, the yearly consumption exceed:

hundred thousand tons.

Great care is required in operations performed with this acid,

must never be carelessly dropped about, nor allowed to run down :

outside of bottles, as it burns everything that it touches.

Production of Sulphuric Acid.— i. Mix six parts of sulphur w
one of nitre, in a small cup, supported over the surface of water i; 3

dish. Ignite the mixture, and place over it a large glass, so as to <

into the water, and form a close vessel. By this process the water

the dish is converted into very dilute sulphuric acid, as may be kno
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by applying the proper tests. Sulphuric acid is also produced by boiling

sulphur in aqua regia, or in strong nitric acid.

2. Tiie apparatus recommended to be used in the production of

sulphurous acid (page 595, process 2), is to be set in action, and the

point of a tube from which nitrous gas is issuing, is inserted into the

mouth of the tube, whereat the sulphur is put in for burning. The
current of air then carries forward a mixture of sulphurous acid gas,

moist nitrous gas, and superfluous atmospheric air. This mixture

must not, in this case, be drawn through a V^^^^be, but through a large
receiver containing a small portion of water, in which sulphuric acid

will gradually be deposited.

3. When a mixture of sulphurous acid gas and moist atmospheric
air is carried thus through a wide glass tube over a mass of spongy

platinum, heated to dull redness by a spirit-lamp, concentrated hydrated

sulphuric acid is immediately produced. Too strong a heat hinders the

production of the acid.

4. If two volumes of sulphurous acid gas and one volume of oxygen

gas, both pure and dry, are thus treated, they produce sulphuric an-

hydride, SO + SO + O = S,SO^

5.
Into a few drops of fuming nitric acid, placed at the bottom of

a small bottle, pass a current of sulphurous acid gas. Vapour rises and

white crystals form on the sides of the bottle. Add water. Effer-

vescence occurs from the discharge of NO and NOO. The solution

contains nitric acid and sulphuric acid. The first may be boiled ofi" and

tl^ latter obtained alone.

6. Bind a quantity of threads that have been dipped into melted

sulphur round an iron wire. Adjust the wire to the

cork of a large bottle, in which a little water has been

put. Set fire to the sulphm', and burn it in the

bottle. While the bottle is full of the vapour of

sulphurous acid, dip into it a slip of wood thoroughly
wetted with strong nitric acid. Immediately, red

vapours of peroxide of nitrogen, arising from the de-

composition of the nitric acid, will proceed from the

wood through the entire bottle. After some time, ""^456.

the bottle may be shaken, to mix the water with the

vapours present ;
and the water will then be found to contain sulphuric

icid.

7. Boil sublimed sulphur in strong nitric acid. It gives off nitrous

^as and produces sulphuric acid.

8. Arrange the apparatus represented by fig. 457. A is a large

,'lass receiver, the inside of which has been moistened with water. B
s a flask for preparing sulphurous acid gas = SO, from copper and

;oncentrated sulphuric acid by process 2, described at page 593. C
s a flask for preparing nitric oxide = NO, from copper and diluted
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nitric acid, as described in process i, page 289. When these gases

are mixed in the glass receiver A, which contains air and vapour of

water, they act upon one another, so as to produce hydrated sulphuric

acid. At first the nitric oxide = NO, combines with the ox}^gen of the

air, and produces peroxide of nitrogen = NOO. Next, a white crys-

talline deposit is formed on the sides of the receiver, the composition, oi

which is not agreed upon by different chemists. It seems to differ

according to the presence or absence of water, and there are probably
these two compounds :

—
A). NSO» + NSO^ + HSO^
B), NSO^ + NSO^ + S,SO^

The second of these salts is a combination of three anhydrides. Th(

first contains two anhydrides and one atom of hydrated acid. Wher
water comes into contact with either of these salts, decompositioi

'.

occurs, hydrated sulphuric acid is produced, and oxides of nitrogen

such as NO and NOO, are set free. The oil of vitriol falls in th«

liquid state to the bottom of the vessel, the nitric gases act upon othe

supplies of sulphurous acid, air, and vapour, and the production of sul

phuric acid thus proceeds continuously.

Reaction of Water with the Compound A :
—

2NS0^ + HHO = 2HSO* + NO + NOO.

Reaction of Water with the Compound B :
—

2NS0^ + S,SO^ + 2HHO = 4HSO* + NO + ^^00.

As the nitric oxide NO, requires oxygen O, to convert it into peroxi

n
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of nitrogen NOO, the atmospheric air in the glass receiver must, like

the water and the sulphurous acid, be from time to time renewed. A
small quantity of the nitrogen compound serves in this way to convert

a large quantity of sulphurous acid into sulphuric acid.

9. Manufacture of Oil of Vitriol in Lead Chambers.—The following

engravings are taken from Regnault's Course of Chemistry, from which
work the description of the process is also abstracted. In the manu-

458-

facture of sulphuric acid in the large way, the glass receiver A, of

3xperiment 8, is replaced by large chambers, formed of sheets of lead

soldered by the oxyhydrogen blowpipe into continuous walls, which are

kept in position by suitable outside walls of timber, &c. The sul-

phurous acid is supplied by the combustion of sulphur in a furnace,

through which atmospheric air passes, and sweeps the gas into the

2r
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chambers. The nitric oxides are supplied by the direct application of

hydrated nitric acid in a manner to be specially explained. Oxygen is

supplied by the current of air which accompanies the sulphurous acid,
and water is thrown into the chambers in the state of jets of steam.
The process to be described was invented by Gay Lussac, and is

followed in France. In England and Scotland, nitre and not nitric

acid is used to supply the requisite nitrogenous compounds.
Letters A A', fig. 458, represent two furnaces, in which the sul-

phur is burnt. They are connected together. One of them is shown in

section. The sulphur is burnt on a plate of iron. The heat result-

ing from the combustion is employed to produce the steam required
for use in the lead chambers. For that purpose, a boiler, V, is placed
in each furnace, just above the iron plate on which the sulphur is

burnt. A pipe, marked a a' a", conducts the steam into the various

chambers.

The two sulphur furnaces communicate with the same chimney, h b',

which is at least twenty feet in height, in order to give such ascen-

sional force to the gases which it delivers as will enable them to

traverse the rest of the apparatus. This chimney, b b', conducts the

mixture of sulphurous acid gas and heated air into the leaden drum
marked B B, in which are disposed in inclined positions several

plates of lead, on the uppermost one of which there falls continuously
and in a regulated quantity, a stream of concentrated sulphuric acid

strongly charged with nitric oxides ; which mixture is produced by an

operation to be explained presently. The stream of acid flows from

the vessel R, and after running in cascades from shelf to shelf, it gathers
at the bottom of the drum B B. The current of sulphurous acid gas,

meeting with this rain of niti'Ogenised acid, is partly converted by it

into sulphuric acid, and partly goes on, carrying with it the rest of the .

nitric oxides in the state of gas, and accompanied by a mass of heated

atmospheric air, through the tube c, into the chamber marked C. Thi-

chamber is of small size, namely, about 100 cubic yards' capacit;

Into this chamber, and close to the entrance by which the mixed gas-

have arrived, comes the first jet of high-pressure steam from the boil-

V. The reaction which has already been described as taking pla<

among sulphurous acid, nitric oxides, and vapour of water, occurs hei^

In consequence of that reaction, sulphuric acid, HSO*, is produced, &m

falls in a liquid state to the floor of the chamber.

The residue of the gases then passes by the tube d, into a secon(

chamber, D, of nearly the same dimensions as the chamber C. In fror\

of the tube d, there is fixed on the floor of the chamber a pyramid
c

earthenware in the form of au chateau d'eatc, a series of cascades, on tl;

top of which there runs continuously a thin stream of liquid nitric acit.

A vessel outside the leaden chambers, and not represented in th

figures, supplies this acid. The form of the pyramid is such as t
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scatter this nitric acid as widely as possible. The current of sulphurous
acid gas and air dashes against it. The whole are mingled together.

Decomposition takes place. Sulphuric acid is formed, and is deposited
on the floor of the chamber, but it is mixed with a considerable propor-
tion of nitrous compounds. From the floor of chamber D to that of
chamber C, the acid is run off by a tube, the floor of C being made
lower than that of D to facilitate this operation. As the acid in C is

commonly surcharged with sulphurous acid, and that in D with nitric

oxides, the two liquors correct each other, and give an additional

quantity of liquid sulphuric acid.

The mixed gases now proceed, by the tube e, into a very large lead

chamber, E, where the principal reaction of the gases upon each other

takes place, and where the largest quantity of sulphuric acid is produced.
Into this chamber jets of steam are thrown at many different parts.
In the figure three jets are represented. The gases are retained in this

chamber for some time, to secure as perfect a decomposition of them as

is possible. Liquid sulphuric acid gradually accumulates on the floor

of the chamber, and into this liquid the acid is gradually run from

chamber C
; the floor of E being made lower than that of C to permit

this transferal of liquid.

The gases are not yet quite deprived of their useful ingredients. The

temperature of the chamber E is pretty high, and when the gases leave

it, they carry off a quantity of sulphuric acid in vapour, as well as

some remains of the nitric oxides. To gain these substances, the gases
are made to pass through two lead drums, F and G, which serve as

refrigerants, and in which sheets of lead are disposed in such a manner
as to interrupt the gaseous current, and give time for the deposition of

the cooled vapours.
Thence the gas passes into the refrigerant I, seen at the bottom of

the figure, and which is cooled externally by water; and, finally, it

enters the lead drum H, and escapes by the tube T into the air.

The drum H is filled with large fragments of coke, supported on a

diaphragm s, and on which a continuous current of concentrated sul-

phuric acid is made to run from the vessel Q. This acid absorbs all

the nitrous vapours that may reach as far as the drum H, and when
it arrives at the bottom of the dram, it passes by the inclined leaden

pipe m m! m'\ into the vessel L. This is the concentrated sulphuric

acid, charged with nitrous vapours, of which I have already spoken as

being supplied by the vase R to the dram B B.

The transvasation of the nitrified acid from the vase L to the vase R is

effected by the following simple contrivance : The top of the vase R
communicates with the bottom of the vage L by a tube z z', and the

top of the vase L is connected by a tube, furnished with a stopcock r,

with the main high-pressure steam-pipe, a a' a". When the stopcock
r" is opened, the force of the steam, acting on the acid in the vase L, is

2r2
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sufficient to press it up into the vase R. When enough acid has been

forced up, the stopcock r is closed.

When the sulphuric acid is taken from the lead chambers, its specific

gravity is about 1*45. If retained longer in the chambers, it absorbs

and retains nitrous fumes, which damage its quality. The acid of i '45
is evaporated in shallow leaden pans to the specific gravity of i'72. Its

boiling-point is now become so high that it cannot be safely condensed

any further in contact with lead. The acid is then boiled in glass

retorts, or in stills made of platinum, until the excess of water is driven

off, and it is brought to the specific gravity of 1*845, in which state it

is called oil of vitriol.

It seems scarcely necessary to remark that such a manufacture as that of

oil of vitriol requires great attention on the part of its superintendent to in-

sure a sufficient supply, without giving an excess, of the several materials

from the complicated reactions of which the sulphuric acid is produced ;

but the details which are needful to guide the manufacturer need not be

particularised
in an explanation of the process which is purely elementary.

Distillation of Sulphuric Acid.— The preceding explanation shows

fhat sulphuric acid is one of those reagents which the chemist cannot

make for his own use, but must procure from a chemical manufacturer.

The acid can be bought for use in a state of purity ;
or the common

acid can be purified by distillation, but it is dangerous to expose it to a

boiling heat without proper precautions, as it boils with explosive

violence. The distillation of this acid cannot be safely executed by an

unpractised experimenter.
The best distilling apparatus consists of a retort and receiver of the

form shown by fig. 299, page 299, connected by an adapter, formed of

a very long and wide tube. All these should be of hard German glass,

free from lead. The tube should go over the neck of the retort, and

project into the middle of the receiver. There must be no corks or lute

at the joints, and no condensing water applied to the receiver. The

retort must contain a quantity of crooked wire or foil of platinum, and

the heat is best applied by means of a circular gas flame, produced by a

radiating gas-burner.
Berzelius recommended the application of heat to the sides of the

459*
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retort, as shown by fig. 459. A is a cone of sheet iron, with a hole to

fit the retort ; a charcoal fire is made on this cone, and hemmed in by
the bricks E E. An iron hood, C, serves to prevent the condensation

of the acid before it reaches the neck of the retort. A tile, FF, is used
to keep the neck of the retort from the hot brick E. The same end is

accomplished by resting the retort on an empty iron pot, put within a

funiace, and making the charcoal fire round about the outside of the pot.
The object of these contrivances is to prevent the violent succussions

that occur when heat is applied directly to the bottom of the retort.

The great power that platinum wire possesses of facilitating the quiet

evaporation of sulphuric acid and other liquids may be

shown by hanging a twisted platinum wire, previously
cleaned and ignited, in a flask containing water, strong
nitric acid (sp. gr. i .42), or oil of vitriol. The boiling
in all cases is effected at a lower temperature than when
the wire is omitted, and proceeds without bumping. If

these liquids are brought near to the boiling point, and

the wire is then put in, boiling commences immediately,
and in the case of oil of vitriol, violently. It is there-

fore dangerous to put platinum wire into oil of vitriol

when hot. It must be put into the retort with the cold

acid.

Regnault gives the following instructions for the dis-

tillation of oil of vitriol : Platinum wires are to be put
into the retort to lessen the bumping of the acid, and the

heat is to be applied, not to the bottom of the retort, but

laterally, as is represented by fig. 461. The charcoal is

placed in a double cage of iron wire, which applies the

heat only to the sides of the retort, while the bottom is left free. The
dome A is used to prevent the too ready condensation of the vapours in

the neck of the retort. With this arrangement, the steam bubbles are

disengaged either on the platinum wires, or at the sides of the retort,

and not at the bottom, under a heavy weight of acid.
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Sulphuric Acid. Table A.

Test Atom HSO* = 49 grains.

Specific
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Sulphuric Acid. Table B.

Test Atom HSO* = 49 gi'ains.

Grains
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derived from the lead chambers ; sulphate of harytes, sometimes added

fraudulently to increase the specific gravity of the acid: these sub-

stances precipitate as white powders when the acid is diluted with

water. Arsenic, when the acid is prepared from sulphur taken from iron

pyrites, see Detection of Arsenic. Oxides of nitrogen, derived from the

nitre or nitric acid used in the manufacture of the acid. When a strong
solution of green vitriol is added to the undiluted oil of vitriol, the

nitrous compounds produce a purple-red colour, where the test liquor

comes into contact with the acid. Other less frequent impurities are

sulphurous acid, hydrochloric acid, and sulphate of potash. The nitric

oxides can be removed by mixing the oil of vitriol with a little sulphate
of ammonia, previous to its distillation.

Condensation of Oil of Vitriol when mixed with Water.— Two cold

liquids, on being mixed together, produce a hoiling-hot liquid ; and the hulk

of two liquids diminished by mixing them.— i . Take a small phial about

half full of cold water; grasp it gently in the left hand, and from

another phial pour sulphuric acid very gradually into the water. The
mixture will immediately become so hot that the phial cannot be held.

2. If a thin glass tube, three-eighths of an inch in diameter, containing
a small quantity of water, be plunged into a mixture of one part

water to four parts acid, the water in the tube will boil.—3. Take a

glass tube, twelve inches long, and one-third of an inch wide, having
TWO bulbs of an inch in diameter blown near the middle of it. Fit a

462.

long cork to each end of the tube. Fill half the tube and one of the

bulbs with concentrated sulphuric acid. Then gently fill the other bulb

and the rest of the tube with water, using a small long-necked funnel.

Put in the cork. Invert the apparatus several times quickly to mix the

liquids. The two corks serve as handles to the tube. The mixture

becomes extremely hot. If the tube is held near phosphorus, it sets it

on fire. If it is placed upright, you can see by the vacant space in the

tube how much the mixture diminishes in bulk. When the mLxture is

cold, the vacant space will be one and a half inch of the tube. If the

sulpl^ric acid is tinged red by carmine, or blue by indigo, the operatioQ^
is better seen by spectators at a distance. ||
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Use of Sulphuric Acid as a Solvent.

Sulphuric acid is employed as a solvent in two states, first, concen-

trated ; secondly, diluted with four or five times its bulk of water. It

requires to be previously purified by distillation.

Diluted sulphuric acid can fi*equently replace both nitric acid and

hydrochloric acid as a solvent of earthy and metallic oxides ;
but its use

as a general solvent of substances of unknown nature is limited by the

circumstance that it produces a great number of compounds that are

more or less insoluble both in water and acids, such as sulphate of

barytes, sulphate of lead, and so forth. To avoid the chance of con-

verting the subject of experiment into one of these insoluble compounds,
it is necessary in all cases to attempt its solution in other acids, and to

restrict the use of sulphuric acid to the accomplishment of particular cases

of solution or decomposition where its energetic action is peculiarly

important, and where the other two acids have proved to be inactive.

Substances Decomposed hy Concentrated Sulphuric Add.

Fluorspar. It disengages hydrofluoric
acid gas, and leaves sulphate of lime.

If the decomposition is effected in glass
or porcelain vessels, it disengages hydro-
fluosilicic acid gas.

Alumina, Ignited. It must be first di-

gested with concentrated sulphuric

acid, and then mixed vpith water.

Clays. From several mixtures and com-
binations of alumina with silica, the

alumina can be dissolved by digestion
with concentrated or moderately di-

luted sulphuric acid.

Substances Insoluble in

^letallic Acids which do not dissolve in

water.

iiliceous Minerals.

'ulphate of Barytes, 1 Insoluble in water

ulphate of Strontium, ) and in acids.

ulphate of Lead. Soluble in a large

quantity of very dilute nitric or hydro-
chloric acid.

Peroxides. With disengagement of oxy-

gen gas, to wit those of manganese and

of lead.

Oxalic Acid and Oxalates. They dis-

engage a mixture of carbonic acid gas
and carbonic oxide gas, and leave sul-

phates in solution.

Siliceous Minerals. Most of them are

decomposed l^y a prolonged digestion.
But sulphuric acid is not much used

for that purpose.

Diluted Sulphuric Add,

Very sparingly
soluble in water;

Sulphate of Lime, soluble in nitric or

Sulphate of Mercury,

Sulphate of Silver,

hydrofluoric acid,

but precipitable
thence by sulphu-
ric acid.

Substances Soluble in Diluted Sulphuric Acid,

letallic Iron and Zinc. With disengage-
ment of Hydrogen gas.

Sulphide of Iron, in\ With disengage-
cold acid. fment of sulphu-

Sulphide of Antimony, [retted hydrogen
in warm acid. j gas.

Action of Sulphuric Acid on Organic Bodies.—A striking experiment
lustrative of the powerful action of concentrated sulphuric acid on

ganic matters consists in mixing about equal bulks of very strong
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syrup and oil of vitriol. In a few seconds the mixture becomes
black and hot, effervesces, and is at last converted into a solid magma o

charcoal, or rather of a highly carbonised substance resembling charcoa

in appearance. The hydrogen and oxygen of the sugar appear to forn

water, under the influence of the powerful affinity of the sulphuric acic

for that compound, the carbon of the sugar being set at liberty.

Detection of Sulphuric Acid in Vinegar., SfC.
—Dissolve white sugar h

water, and evaporate the solution in a white flat porcelain capsule, so a
to produce a thin varnish of sugar. Upon this, while still warm, le

fall a drop of the liquor which is suspected to contain free sulphurii

acid (such as adulterated vinegar). The water of the diluted acid wil

evaporate, and the acid, becoming concentrated, will char and blacke]

the film of sugar.

Purification of Sulphuric Acid from Arsenic.—Dilute the sulphuri
acid with 36 per cent, of its weight of water, and pass through it

strong current of sulphuretted hydrogen gas. Allow the sulphide c

arsenic to settle down
;

filter the acid through clean quartz sand
; con

centrate the acid by boiling it in an evaporating basin
;
and finally sul

mit it to distillation.

Sulphates.

When metals are dissolved in diluted hydrate of sulphuric ack

they produce salts that are termed sulphates. Thus :
—

Fe + H,SO'' = Fe,SO^ + H.

See page 195. And when hydrated oxides of metals, or bases, dissolve']

hydrated sulphuric acid, they also produce sulphates. Thus, hydrate <

lime produces sulphate of lime, and hydrate of soda produces sulpha

of soda ; both reactions being attended with the production of water,

CaHO +HSO* = CaSO« + HHO.
NaHO + HSO^ = NaSO* + HHO.

Detection of Sulphates, See page 96.
—

Sulphates that are insolul

in waters those of barytes, strontian, and lead. Nearly insolubl

lime, silver, and mercury. Most of the other sulphates are soluble

water. Nearly all of them are insoluble in alcohol. The solutions of t

sulphates of the alcalies, and of lime, magnesia, manganese, and silvi

do not redden blue litmus paper ; but solutions of the sulphates of otl

metals do redden litmus. The sulphates of the alcalies and earths i

not decomposed by a red heat. But the sulphates of the comm
metals are decomposed when made red hot.

The sulphate of barytes is one of the most insoluble salts known

exist, and as it bears a red heat without alteration, it is by means oi

solution of barytes (the nitrate or chloride) that sulphuric acid is sej

rated from other substances in quantitative analyses. The white pre

pitate, formed by sulphate of barytes, is insoluble in nitric acid,
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which it is distinguished from other white precipitates produced by
sohitions of barytes.

BisULPHATES.—The salts so called are double salts in which sulphate
of hydrogen is combined with another sulphate, such as KSO*+ HSO*.
In the same way, the alcohol radicals produce bisulphates, such as

Double Sulphates.—These are derived from the bisulphates, by the

replacement of the hydrogen by some other basic radical. There are

two kinds of such double sulphates,- namely, those in which both the

basic radicals are metals, and those in which one of the basic radicals is

a metal, and the other a hydrocarbon. A difficulty in the theory of

these salts has been examined at No. 20), page 417.
Tribasic Sulphates.—The formulae of these salts is M^SO^ or

M,SO*+M,MO. They are not practically important. See page 425.

Fuming Nordhausen Sulphuric Acid.

Formula, SSO' + HSO* + HSO*; Systematic oia^ce, Sulpha sulphite
bis hydra sulphete.

Pure Nordhausen sulphuric acid is a crystalline salt, composed of two

equivalents of oil of vitriol and one equivalent of sulphuric anhydride.
It is prepared by distillation from roasted green vitriol, from which a

part of the water of crystallisation is expelled, but enough of which is

permitted to remain to afford an acid of the above constitution. In

addition to hydrated and anhydrous sulphuric acid, the Nordhausen acid

usually contains sulphurous acid and other impurities. In the liquid

state, its sp. gr. is about 1*9. By dilution with water, it is con-

verted into oil of vitriol.

PENTATHIONATES.

Formula of the* Hydrated Acidy HSO; Equivalent, 33; Systematic

name, Hydra sulphate.

The pentathionic acid is produced by the action of sulphide of

hydrogen, HS, upon sulphurous acid, SO. Half the sulphur is separated,
and the hydrated acid remains in solution.

HS + SO = HSO + S.

It can be concentrated over a water-bath to^ sp. gr. 1*3, and afterwards

in vacuo to sp. gr. 1*6; but it has never been brought exactly to the

composition of HSO.
This acid cannot have its basic hydrogen replaced by a metalUc

radical, but it can have the hydrogen of one atom out of two thus

replaced, and it so produces salts in agreement with the formula

HSO -j- MSO. These salts are called Hyposulphites. It is also possible
to have acid salts in accordance with the formula BaSO + 4HSO, and
this acid salt can be deprived of water so as to produce the salts :

—
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BaSO + 2HSO -f SSO = BaH^S^O*
BaSO + 2SSO = Ba S^0^

These preparations lead to the inference, that besides the anhydride
= SSO*, derived from sulphuric acid, there exists another anhydride
= SSO, derived from the present acid, for HSO+HSO = HHO+SSO.
The pentathionates have no practical importance.

Sulphites.

Sulphurous acid, acting upon aqueous alcaline solutions, produces two
kinds of sulphites. A) neutral, and B) acid:—

. . jNaHO 4- SO _ NaSO + NaSO* Neutral sulphite.^> |NaHO + SO
~ HHO Water.

B). NaHO + SO + SO = HSO + NaSO* Acid sulphite.

According to this view a sulphite, whether neutral or acid, is a com-

pound of a sulphate = MSO^ with a pentathionate
= MSO or HSO.

. The sulphites of the alcalies dissolve in water. Those of the earths and

metals are insoluble. The neutral sulphites of potash and soda are

alcaline in their reaction on test-papers. The bisulphites are acid in

relation to test-papers. Sulphuric acid added to tiieir solutions, con-

verts the bases into sulphates and expels sulphurous acid gas, but gives

no precipitate of sulphur, by which the sulphites are distinguished from

the hyposulphites.
The sulphites of the metals when ignited produce three-quarters

sulphates and a quarter sulphide :
—

PbSO + PbSO^ _ PbS -f PbSO*
PbSO 4. PbSO'^

~
PbSO« -4- PbSO«.

Antichhr.—When in the process of bleaching cotton goods witli

chlorine, the bleaching liquor is used too strong, or when the bleaching

liquor has not been well washed out of the bleached goods, the cotter

fibre is weakened and the goods rot To guard against this mishap, th€

sulphite of soda has lately come into use in the arts, and passes by th(

name of antichlor. It is a crystallised soluble salt, without odour, bm
it gives off sulphurous acid when acted on by sulphuric acid.

Hyposulphites.

Hydrous = HSO + MSO
Anhydrous = M^S^O^ = 2MS0 + SSO.

The hydrous hyposulphites are merely acid pentathionates.
Th(

anhydrous salts are produced by the abstraction of HHO from tw(

atoms of the hydrous salts :
—

HSO + MSO\ _ iM*S'0' Anhydrous hyposulphite.
HSO 4- MSOf

~
JHHO Water.

No such acid exists as the hyposulphurous acid ; the reason being tha
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there exists actually no other acid than the pentathionic acid = HSO
(which is most absurdly so named), and that no other is needed. The

hyposulphites are merely acid salts of pentathionic acid, just as the

bisulphates are acid salts of sulphuric acid ; while the dried hyposulphites
are parallel to the dried bisulphate of soda; see page 596. Thus,—

NaSO^ + NaSO^ + S,SO^ Dried bisulphate.
NaSO + NaSO + S,SO Dried hyposulphite.

Preparation of Hyposulphites.
—When zinc is dissolved in an aqueous

solution of sulphurous acid, we obtain, without liberation of hydrogen

gas, a mixture of bisulphite of zinc and hyposulphite of zinc.

Zn + Zn + HHOl _ jZnSO* + HSO = Acid sulphite.

+ 4SO j

~
(ZnSO + HSO = Hyposulphite.

A hyposulphite is also produced when an aqueous solution of an

alcaline sulphite is heated in a close vessel with an excess of sulphur.
This is one of the processes by which the hyposulphites are commonly
prepared.

Sulphite of soda Na^S^O*
\ _ jNaSO + HSO

Sulphur and water S* + HHOf
~
\NaSO + HSO.

When the hyposulphites are dried, they give off all their hydrogen
with as much oxygen as converts the hydrogen into water, as I have

explained above. When treated with sulphuric acid, they produce
a sulphate, disengage sulphurous acid gas, and give a deposit of

sulphur :
—

NaSO + HSO __ NaSO*

+ HSO^
~ HHO + SO + S.

Sulphuric Acid, saturated with Oxygenated Water.

Formula, H«,SO' = HO + (HO,SO).

Particulars will be found in Thenard's account of the reactions of

oxygenated water. See his System of Chemistry.

HYPOSULPHATES.

Formula, M,S*0« = SO + (MO,SO).

These two classes of salts are of no practical importance. I have
cited them only to show how the sulphates can combine on the one
hand with an oxidised acid radical, and on the other with an oxidised

basic radical, and form two new classes of salts.

HO + HSO' Oxygenated sulphuric acid.

HSO* Sulphuric acid.

HSO' -f- SO Hyposulphuric acid.
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Sulphide of Hydrogen.

Formula, HS; Equivalent, 17; Specific gravity of gas, 17; Atomic

measure, i volume. When it forms salts, H is replaced by a basic

radical, M. If the salt is gaseous, the acid radical S loses its atomic

measure.

Synonymes, Sulphuretted Hydrogen; Hydrosulphuric Acid, Systematic

name, Hydra sulpha.

Preparation of Sulphuretted Hydrogen Gas.— i. Mix in a gas-bottle
two parts of iron filings with one part of sublimed sulphur; add as

much water as will make the whole into a thick paste. Heat the

mixture for some time, then add strong hydrochloric acid, and again

apply heat. The gas produced in this way is liable to be mixed

with hydrogen gas.

Theory .—FeS + HCl = FeCl + HS.

2. Mixed pulverised grey sulphide of antimony = SbcS, with four

or five times its weight of hydrochloric acid, sp. gr. i 'i. It is neces-

sary to apply a slight heat to the bottle which contains the mixture.

The gas may be collected over hot water, salt and water, or mercury.

Theory :—SbcS + HCl = SbcCl + HS.

The compound SbcCi is the stibic chloride, often called terchloride of

antimony. The apparatus shown by fig. 463

may be used for either of the above processes,
as both require to be heated, and in both

cases a wash-bottle is needful, in which the

gas can be purified from hydrochloric acid or

from small particles of metal. But gas pro-

duced by the first process, even after thi

purification, still carries over free hydrogen,
which often interferes with the use of the

sulphide of hydrogen in analytical opera-

tions.

3.
A method of preparing and supplying

sulphide of hydrogen in minute testing is

described at page 75.

4. The best materials for preparing sul-

phide of hydrogen gas, for general purpose^
are fused sulphide of iron and diluted sulphuric acid. When th

sulphide of iron has been properly made, it gives off no free hydrogei;.
As the preparation of the gas from these materials requires no heat, tlit

apparatus is arranged accordingly. Fig. 464 represents a convenient

gas-bottle for this purpose, a is a cylindrical bottle of about ten ounces

capacity, when it is to be used for the testing of solutions of metals.
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rinsed with water, which is also thrown awav, the stopper is then

replaced, and the sulphide of iron is covered with clean water, to be

ready for a new experiment. In this state it gives off no offensivt

odour, and may be set aside till again required.

5. When only a small quantity of the gas, or a slow current of it i:-

required, the apparatus may be modified as showr
in the annexed figure. There being no funnel tc

this apparatus, the sulphuric acid and water musi
be mixed and put into the bottle before the corl-

is inserted. When a slow current of gas is de

sired, as in all cases of testing, one or two larg(

lumps of sulphide of iron and a little weak acii

must be taken. When the current of gas is to b*

more rapid, the sulphide may be powdered, an-

the acid be less dilute.

6. The apparatus represented by fig. 466, ha

recently been contrived for the preparation c

sulphide of hydrogen gas. a is a bottle of ten
^

twenty ounces capacity, according to the quantity of gas required. I

is made with a broad glass foot to prevent its overturning from th

weight of the fittings applied to its moutL
5 is a cap of vulcanised caoutchouc with tW' >

necks, one for the funnel and the other fo -

the gas-leadir.g tube, c is a caoutchouc con

nector. J is a testing-tube, easily changeabl
at c. e is the test-glass, containing th

metallic solution that is to be tested.

Whenever the gas is required pure, any (

these bottles can be connected with a was!

bottle, as shown by fig. 463.

7. Kipp's Apparatus.
—It would be ve.

convenient, in large chemical laboratorie

where sulphide of hydrogen gas is requirt

hourly, to have an apparatus somewhat c

the plan of the hydrogen apparatus, repr
sented by fig. 195, page 203, from whi(

the gas could be promptly drawn when r

quired. It is, however, difficult to construct an apparatus that shi

entirely avoid the constant disengagement of as much gas as makes ti

surrounding atmosphere unpleasant and unwholesome. A still great i

difficulty presents itself in the circumstance that the sulphide of ir( '

employed to produce the gas soon becomes coated with a basic sa

which is insoluble in the dilute acid that serves to decompose tl

sulphide of iron, and which consequently puts a stop to the producti<

of the gas. The apparatus must then be dismounted, in order that ti i
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basic salt may be washed off with water. That is a stinking process,

which, if the apparatus is large, nobody likes to perform, and so the

apparatus is neglected and rendered useless.

The form of apparatus in which these difficulties are best overcome,

and which is actually practical, is that of Kipp, represented by fig. 467.
It is formed of glass, of about six times

the size of this diagram, that is to say,

the largest globe is about 6 inches in

diameter, and the whole apparatus is

about 18 inches high. The funnel-

shaped neck of the uppermost globe
is ground to fit the neck c air-tight,

but it passes loosely through the neck

a, where a loose collar of caoutchouc

is put about it to prevent the falling of

small lumps of sulphide of iron from

the middle globe down into the lower-

most globe. The middle globe is nearly
filled with lumps of sulphide of iron,

in the largest pieces that will pass

through the neck d, which is then to

)e closed with a sound cork carrying a

^lass stopcock, and that carrying a

caoutchouc tube terminating with a

jlass gas-delivery tube.

The charge of sulphide of iron being
^ut in, the decomposing acid, consisting
»f I part of oil of vitriol mixed with
) or 8 parts of water, is to be poured
nto the uppermost globe, from which
t passes down into the lowermost globe,
nd thence up into the middle globe,
be stopcock being opened to let out

le atmospheric air. Sulphide of hydrogen is immediately generated,
nd as much of it is allowed to escape as serves to sweep the atmaospheric
r completely out of the apparatus. The stopcock is then closed, and

le apparatus is ready for use.

The quantity of gas delivered by this apparatus depends upon the

lanagement of the stopcock. It can be delivered in single bubbles

owly, or in a rapid current. The delivery-pipe is made short or long,

:cording to the depth of liquor into which it is to pass. It must, of

urse, be changed for every experiment. The syphon at the top of the

i.ratus must contain so much water as to allow atmospheric air to

> either way, into or out of the apparatus, according as the stopcock

open or closed. If any sulphide of iron falls down into the globe h

2s

467.
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it makes a constant disengagement of gas, which, if not observed, mav
drive so much acid up into the uppermost globe as to cause an overflow

to take place. It is proper, therefore, that this apparatus should

always stand in a stoneware pan to catch any acid that may overflow.

When the apparatus requires cleaning, or the sulphide of iron need.^

washing, the acid can be poured ofi" through the stoppered neck in tht

lowest globe.

Properties of Sulphide of Hydrogen.

Sulphuretted hydrogen is a gas, whose component principles aj*

hydrogen and sulphur. Its specific gravity is 17, being higher than tha

of common air. Its atomic measure is i volume. It burns with a pale
blue flame, depositing sulphur. It does not support combustion. It

odour is extremely fetid, resembling that of rotten eggs. Its taste i

sour. It reddens vegetable blues. It is absorbed by water. I

blackens metallic silver and copper. It can be reduced to the liquid stat

by a pressure of about 17 atmospheres. Of all the gases, sulphurette*

hydrogen is perhaps the most deleterious to animal life. A dog of middl

size is destroyed in air containing only the Sooth part of its bulk of il

Indeed, it has been proved, that to kill an animal, it is sufficient t

make the sulphuretted hydrogen act on the surface of its body, where :

is absorbed by the inhalents. Yet to the presence of this gas is chiefl

owing the beneficial medicinal properties of Harrowgate, Aix-la-Chapell<

Moffat, and some other mineral waters. Sulphuretted hydrogen

employed by the chemist as a reagent, because, with most metals

produces coloured insoluble metaUic sulphides, its hydrogen taking n

the acid of the metallic salt. Thus :
—

CucSO'' + HS = CucS +HSO^
With the sulphides of the alcahne metals it combines to produce doub

sulphides. Example ; KS + HS.
Metallic sulphides are often produced by the action of the carbon a

hydrogen of decaying organic substances upon the oxygen of sulphat
such as gypsum. Thus, CaSO^ — 0* = CaS. In this manner sulphici

are formed in mineral springs, and also in stagnant sewers and cesspoo
When exposed to the action of air, nitrous acid, or chlorine, the so

tion of sulphuretted hydrogen becomes milky in consequence of i

presence of reduced sulphur. If boiled, the gas is driven off undeco

posed. If mixed and shaken with bleaching powder, the odour entiit

disappears, the compound being decomposed.

Experiments with Sulphuretted Hydrogen Gas.

I . A slip of paper having invisible figures drawn upon it with soj

tions of sugar of lead, nitrate of silver, or nitrate of bismuth, if pass

into sulphuretted hydrogen gas, unfolds its secrets, by exhibiting legii
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figures of a beautiful dark-brown colour. A caricature face drawn on a

sheet of white paper is rendered visible by passing below it the bottle

from which the gas is being disengaged.
2. Moistened blue litmus paper becomes red in this gas.

3. Paper dipped in nitric acid becomes yellow in sulphuretted hydro-

gen gas, acquiring a coating of reduced sulphur.

4. A mixture of equal measures of oxygen gas and sulphuretted

hydrogen gas produces a sharp detonation when inflamed in the same
manner as a mixture of oxygen and hydrogen gas. (Page 205.)

5. Sulphuretted hydrogen gas burns in contact with the air, with a

pale-blue flame.

6. Sulphuretted hydrogen gas is absorbed by alcaline solutions, which

produce solutions of metallic sulphides. KHO -f HS = KS -f- HHO.
7.

Tin and other metals, when fused in sulphuretted hydrogen gas,
combine with the sulphur, and set the hydrogen at liberty.

Sn + HS = SnS + H.

8. Sulphuretted hydrogen and sulphurous acid gas, in equal volumes,

decompose each other, and produce hydra sulphate (hydrated penta-
thionic acid)

= HSO, and deposit sulphur. The presence of water is

required to dissolve the acid. HS -f- SO = HSO + S.

Sulphide of Hydkogen in Aqueous Solution.—It is often con-

venient to have a saturated solution of this gas. When freshly pre-

pared, or protected from the atmosphere, its action is the same as that

of the gas. I shall describe a few methods of preparing the solution.

1. In all cases, the water that is to be saturate^l with HS should be

previously boiled to expel air,

and afterwards be cooled in

corked bottles. The gas is

to be passed into the cold

water till it ceases to be ab-

sorbed. The saturating point
is soon reached, . because

water only absorbs twice or

thrice its own volume of the

gas. A bottle fitted like

the wash-bottle of fig. 463
may be used, or better, such

bottles as are represented by
figs. 468 and 469, because

the delivery-tube a can then

be easily withdrawn from the fixed tube, and the water-bottle be shaken,
to facihtate the absorption of the gas.

2. The simple apparatus shown by fig. 470 can also be used to pre-

pai'e this solution. The gas is prepared in the flask a, and conveyed bv

2s2
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the tube c into the boiled water contained in the flask 5. When the

odour of the gas is smelt at the mouth of the flask h it should be

exchanged for another flask. The stopper should be put into h, and the

bottle be wpII shaken, the effect of which is to cause the water to absorb

470- 471-

the gas. So long as the water remains unsaturated this shaking pro-
duces a vacuum in the bottle. To test this fact, hold the bottle in the

position shown by fig. 471, and slightly loosen the stopper. If there is

a vacuum in the bottle, air will pass through the liquor in bubbles, as

represented by the figure. Exchange the flasks, continue to pass gas
into each until these bubbles cease to appear after shaking the bottle.

The water is then saturated.

3. To preserve such solutions in good condition, they should be filled

into small phials containing 2 or 3 ounces, which

should be well corked, tied down like soda-watei

bottles, and plunged mouth downwards into water

as is represented by fig. 472. A number of sue:

bottles could be preserved for some time in a pai

of water placed in a cold cellar.

4. A small quantity of solution of sulphide o'

hydrogen can be conveniently prepared in a bei;

tube, either U-shaped or V-shaped, as described ii

the article on Ammonia, page 330.

5. Mohr's Apparatus for a constant supply
Saturated Solution of Sulphide of Hydrogen.

—Thi

apparatus is represented by fig. 473. I have copied it, with severa

figures and descriptions of operations respecting this gas, from Mohr'

Commentar zur Freussischen Fharmacopoe. This apparatus not onl;

serves to prepare this solution of sulphide of hydrogen without contac

with atmospheric air, but to preserve it in that condition, and yet
t'

afford a supply of the solution either in drops or ounces readily an(

conveniently. The Woulff's bottle, a, is filled with air-free distillei

472.
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water
;
& c is an apparatus for preparing HS gas, made on the principle

of the hydrogen gas bottle, fig. 195, page 203, and the carbonic acid

gas apparatus, fig. 351, page 353 ; the jar h contains diluted sulphuric
acid

;
the flask c contains lumps of sulphide of iron. The bottom of

the flask c is cut out, and replaced by a perforated plate of lead,

upon which the sulphide of iron rests at about three-quarters of an

inch from the cut bottom edge of the flask. To set this apparatus in

action, the vessels a, &, and c having received their respective charges,
the cork which fixes the syphon d in the bottle a is loosened, and the

apparatus being then placed together, HS gas is produced, and gradually
drives out the atmospheric air from the vessels c and a. The syphon
cork is then fixed, and HS gas is produced in c and absorbed by the

water in a, until the latter is saturated. The acid then descends from
the flask c into the jar 6, and the operation stops. The syphon d is

terminated outside by a glass delivery-tube attached by a caoutchouc

connector and a pinchcock. Whenever the liquid sulphuretted hydrogen
is required, the pinchcock is opened, a little liquor run ofl" to waste,
to clean the end of the delivery-tube, and then as much liquor is

run out as the experiment requires. To supply the vacuum thus

produced in the bottle a, the atmospheric air pressing upon the liquor
in the jar h, drives it up into the flask c, and causes the production of

as much HS gas as is required to make up the quantity run off by the

ihon d. When the liquor of the bottle a is exhausted, a fresh

ijply of cold air-free distilled water is put into the bottle by the

^vphon neck, and the process of saturation goes on afresh. The corks

A this apparatus should be coated with a mixture of fat and wax to

make them air-tight.
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Sulphide of Ammomium = NH^S.
Hydrosulphate of Ammonia = NH^H + HS.

Equivalent, 34; Specific gravity of gas, ii-g-; Atomic measure, 3 vo-

lumes. Systematic name o/NH^jS, Ammona sulpha.

In the liquid state, this is to be considered as a solution of sulphide
of ammonium = NH"* + S

;
but in the gaseous state, as a compound oi

sulphide of hydrogen = HS, with hydride of amidogen = NH* + H.
This accounts for its atomic measure of 3 volumes, of which 2 volumes

belong to ammonia,.and i volume to hydrogen ; sulphur, as usual, losing
its measure in a gaseous salt. Read the discussion at page 315.

Preparation.
—

i). Mix chloride of ammonium with sulphide of barium

and distil the mixture. The distilled product consists of colourless,

volatile, soluble crystals, having the above composition.

TAeory :—NH^'Cl 4f 'BaS = BaCl + ^TI*,S.

2). Pass a current of sulphuretted hydrogen gas through a fixec

quantity of a strong solution of ammonia, say 1000 septems of ammonij

of 40"^, until the liquor is saturated. The solution will be the Douhl

Sulphide of Ammonium and Hydrogen
—

ISTH^jS -Y HS. To this solu

tion add a second dose of 1000 septems of ammonia of 50'^, when th(

solution will contain the neutral sulphide = NH*,S. Both these solu

tions are, like the solutions of HS in water, easily decomposed b;

atmospheric air.

The apparatus employed to contain the ammonia while being saturate(

with sulphuretted hydrogen may be a U-tube, a V-tube, a flask with

narrow mouth, or any of the forms of apparatus cited in the last section

3). In the preparation of this solution for use as a chemical test, th

rule to follow is, to pass a slow cun-ent of sulphuretted hydrogen ga .

continuously into liquid ammonia of 30° or 40" of strength, until th

solution ceases to give a precipitate with a solution of sulphate of mag
nesia. The solution must be preserved in a well-stoppered bottle c

lead-free glass, because the reagent decomposes flint glass and deposit

lead, and is itself readily decomposed by atmospheric air. It should b

used soon after being prepared.
Metallic Sulphides.— Sulphur combines with most metals, pre

ducing an important class of compounds called sulphides. The ores (

many metals are sulphides. When sulphur is made to combine wit

a metal in the dry way, the act of combination is sometimes accon

panied by ignition. See page 591. Most sulphides can be prepare
in the wet way. Sulphur often combines with metals in multiple pr

portions, so as to produce compounds which agree with the forranl

MS*, MS^ MS*, MS^ &c. These supersulphides lose a portion of tjv

sulphur when subjected to a strong heat. In this manner sulphur

produced in large quantities for useful purposes from iron pyritf

FeS^ = FeS + S. These supersulphides combine with other metali



PRECIPITATION OF METALLIC SULPHIDES. 623

sulphides to produce compound salts. The theory of such salts has not

yet been made particularly clear. I am inclined to think that sulphur

produces, with certain metals, compounds that are equivalent to the

amidogen and ammonium which hydrogen produces with nitrogen;

that, for example, there are such compounds as MS*, and MS*, which
act as radicals in salts ; and that the powers of these compounds vary

according to the nature of the metals with which the sulphur is com-

bined, those containing alcalifiable metals producing basic radicals, and
those containing acidifiable metals producing acid radicals. According
to this view, the pentasulphide of potassium = KS^ would be a salt

= KS* 4- S, and the pentasulphide of arsenic AsS' would become
AsS* + S. This last salt produces numerous double salts by com-

bining with monosulphide of potassium
= KS. Thus, we find the

following :
—

KS H- AsS*,S
KS -f. KS -h AsS*,S

KS -f KS -h KS + AsS^S,

and extending, in the reverse direction, to

KS + 12 (AsS*,S).

A few other examples of these compound sulphides will be quoted

among the salts of the metals ;
but I have not space to develop this

speculation fully.

The sulphides formed by the metals of the alcalies are all soluble in

water. Their colour is yellowish or brownish white. Some of them
combine with water and produce crystals. The sulphides of the metals

of the alcaline earths are also soluble in water ;
but the sulphides of

barium and strontium are more readily dissolved than the sulphide of

calcium. The solutions of these sulphides give a blue colour to red

litmus paper. The solutions of the alcaline protosulphides are colour-

less, but they become yellow in the air, like the solutions of the persul-

phides. These solutions are all readily decomposed by other acids;

the mixture discharging sulphuretted hydrogen gas, and retaining a

metallic salt. Thus : KS + HSO« = HS -H KSO^ The metals of the

non-alcaline earths can scarcely be said to produce sulphides ;
for when

sulphide of ammonium is added to solutions of their salts, the base (for

example, alumina) precipitates in the state of hydrated oxide, a salt of

ammonia remains in solution, and HS is discharged as gas :
—

Ale S0« + HS + HHO = AlcHO 4- HSO« + HS.

A great many of the heavy metals produce sulphides that are insoluble

in water, and possess very characteristic colours. Upon these last-named

properties depends the use of sulphuretted hydrogen as a chemical test.

Detection of Sulphides.
—See page 93.



624 SULPHUR.

Precipitation of Metallic Sulphides.—The great importance of

sulphuretted hydrogen and sulphide of ammonium, as means of de-

tecting and separating many of the metals in analytical operations,
induces me to give the following tables explanatory of their reactions :

—
Action of Sulphuretted Hydrogen.

Applied either as Gas or in Aqueous Solution.

The mark (!) signifies that the action takes place only with salts of

particular acids, or under peculiar circumstances.
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Action of Sulphide of Ammonium.

Not

Precipitable.
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Green .

Flesh Red .

Pale Yellow .

Lemon Yellow
Orange
Reddish Brown
Yellowish Brown
Light Brown .

Chromium.

Manganese.
Tin, stannic salts.

Arsenic. Cadmium.

Antimony.

Mercury. Lead.

Osmium.

Tungsten.

Selenmm.

Sulphide of Carbon. Xanth.

Formula, CS*; Equivalent, 76; Specific gravity of gas, 38; Atmiic

measure, 2 volumes; Atomic measure in gaseous salts, o; Speciji

gravity in the liquid state, i'272. Synonymes : Sulphocarbonic Acid

Bisulphide of Carbon, so called by those who make the atomic weight pj

carbon = 6. It appears to act in the salts called Xanthates as a coin-

pound radical, and in that state may be called Xanth.

Properties.
—A colourless, very thin liquid, of peculiar and disagree-

able odour, resembhng that of rotten cabbage. Its sp. gr. is i'272.
It is insoluble, and sinks in water. Extremely volatile

;
boils at 11 8^ F

Its evaporation produces a great degree of cold. The sp. gr. of its gn
is 38. It is readily combustible, and bums with a blue flame, prr

ducing carbonic acid and sulphurous acid. It acts as an acid towarci

metallic sulphides, producing complex double salts. It is soluble ir

alcohol, ether, and oils. It dissolves sulphur and phosphorus, and th(

solutions, by spontaneous evaporation, yield crystals of these element>

It also dissolves many organic substances, as camphor, amber, masti'

caoutchouc, volatile oils, and resins, and may be useful in the preparatic
and use of resinous varnishes, the rapidity with which it evaporate

being highly useful in particular circumstances.

Preparation.
— i. Sulphide of carbon is produced when gaseous sul

phur is brought into contact with red-hot charcoal. The following is th.

apparatus used for its preparation by Mitscherlich. An iron tube, b c

474.
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three feet long and two inches in diameter, is placed through an oblong

portable furnace, in which it can be made thoroughly red-hot. This

tube is filled with pieces of charcoal, previously dried by ignition in a

closed crucible. The end h is stopped by a cork. At a is a small

hole, which can also be effectually closed by a cork. The end c is

adapted, by means of a cork, to a very long glass tube, o. All the

corks must be previously boiled in glue, to make them fit air-tight.

The long tube passes, air-tight, through a hole or a side-neck, into the

flask /. The tube m, fastened by a cork into the flask /, serves to

carry off superfluous gases through a window or into a good-drawing

chimney. A little water is placed in the flask. The tube o must be

well cooled by a stream of ice-cold water e. [The cooling power

represented in the figure would not be sufficient. The cold water must

afiect the whole length of the tube. See pages 237 to 242, and 299,

300.] The end of the tube is not allowed to dip into the liquor in

the flask/, in order that there may be no pressure produced to retard

the distillation. When the charcoal in the tube is considered to be red-

hot, small pieces of sulphur are from time to time inserted at the hole

a, the stopper of which is always instantly replaced. The sulphur

melts, rans down to the hot part of the tube (which is, for that purpose

slightly inclined from b to c), and is there vapourised. The red-hot

charcoal absorbs the gaseous sulphur, and produces sulphide of carbon,

which, being volatile, is driven by the heat into the tube 0, where it is

condensed into a liquid, which flows into the flask/, and sinks below

the water. If the cooling is not effective, the sulphide of carbon escapes
in vapour by the tube m. The charcoal, notwithstanding its previous

ignition, always retains a little hydrogen, which combines with a portion
of sulphur, and produces sulphuretted hydrogen gas, which -^scapes by
the tube, m. The operation is continued as long as

sulphide of carbon continues to be produced. The

product always contains an excess of sulphur. It is

purified by distillation from a retort heated by a

water-bath. The operation must proceed very slowly.
As sulphide of carbon boils at 118° F., the heat must
be supplied very cautiously. The receiver b must
be very effectively cooled by iced water, the junctions
between the adapter a, and the retort and receiver,

must be securely made with good corks. When
nine-tenths of the sulphide of carbon has passed into

the receiver, the residue in the retort will retain the

excess of sulphur. If it is permitted to evaporate 475.

spontaneously in a covered capsule, fine cr}'stals
of

sulphur will be obtained.

Sulphide of Carbon should be preserved in a well-stoppered glass bottJe,

with an inch or more of icater above it, to prevent evaporation.
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476.

2. When a large quantity of sulphide of carbon is required it can h

prepared by an apparatus fitted up as follows: Fig. 476 represents ,

large retort made of stoneware, and having a very long tubulure. Tc

this tubulure a tube of stoneware or porcelaii

is luted with clay in such a manner that i'

nearly touches the bottom of the retort in- :

side. The retort is filled with fragment*
of charcoal, fixed in a table furnace, adapte(
to a good condensing apparatus, such a

fig. 243, page 241, or fig. 248, page 242
and strongly heated. Bits of sulphur art

then inserted one by one into the porcelaii

tube, which is immediately after each addi-

tion closed with a good cork. The pro

duction, distillation, and condensation

the sulphide of carbon then proceeds as described in the preceding ^

process.

Experiments with Sulphide of Carbon.

1. Fill a glass cylinder, about eighteen inches high, and three or fou i

inches in diameter, with nitric oxide gas (page 289). The mouth «

the cylinder should be ground, and covered with i

ground and greased glass plate. Place the cylinder

mouth upwards, on the table. Lift the glass plate

and quickly sprinkle in the cylinder, by means of {

pipette, five or six septems of liquid sulphide
carbon. Immediately replace the glass cover, an(

invert the jar a few times to difiuse the vapour

sulphide of carbon through the nitrous gas. Replaci
the cylinder on the table in such a manner that th«

mouth of it does not point to any spectator. Lif

the cover and immediately inflame the gas. It burn;

without explosion, or w4th only a slight noise, bu

it gives a splendid blue flame, which rises high abo?< -

the cylinder, while the whole interior of the glas

becomes coated with precipitated sulphur. The gase

produced by this combination are sulphurous acid

carbonic acid, and nitrogen.
2. Take a cylinder of japanned tinplate, twelve inches long and tw<

inches in diameter. Fill it with pure oxygen gas, and mix with th'

gas four or five septems of liquid sulphide of carbon, in the raanne

described in experiment i, and cover the mouth of the jar with th -

palm of your left hand. Have ready an iron wire of the thickness

a knitting needle, and eighteen inches long, bent at a right angle in th
^

middle, and Jieated strongly at one end, but not made red-hot. Re :

477.
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move your left hand from the mouth of the jar, seize the jar outside,

and turn its mouth away from your face. Immediately plunge the hot

end of the wire into the gas so far as to reach to about the middle of

the cyhnder. There occurs almost immediately a very

powerful detonation, which, however, is without danger if

the above precautions are observed. The gaseous products
of this combustion are sulphurous acid and carbonic acid.

3.
Caoutchouc Cement, useful as a Lute and Varnish

for Chemical Apparatus.
—Cut a caoutchouc bottle into very

small fragments. Fill a wide-mouthed bottle with two-

thirds of mineral naphtha and one-third of cut caoutchouc.

Close the bottle and let it remain undisturbed eight or ten

days in a warm place. By that time the pieces of caout-

chouc will be greatly swelled. Pour off the remaining
mineral naphtha, and add in its place a mixture of equal

parts of sulphuric ether and sulphide of carbon. The mix-
^

ture is to be frequently well shaken for some days, and J—L

finally left for some time in repose. When the contents

of the bottle form two distinct liquors, the uppermost clear,
^"^ '

thick liquor is to be poured off for use into another vessel, which must
be securely stoppered. This cement can be coloured by powdered

gamboge, carmine, or other pigments.
Cracks in glass tubes, retorts, and other vessels, can be rapidly

stopped by this cement, for the solvent is so volatile that it flies off im-

mediately, and the caoutchouc forms a thin, tough, dry skin. It serves

in many cases to make air-tight junctions, or to cover the corked

mouth of a bottle in which a preparation is to be secured from air.—
Boettger.

4. Set fire to a little sulphide of carbon contained in a porcelain cap-
sule. A brush of fine steel wire will burn in this flame, proving the

ntenseness of its heat.

5.
Cover the ball of a thermometer with cotton wool moistened with

sulphide of carbon, and wave the thermometer in the air. The evapo-
ation thus produced will cause the mercury to sink a great number of

legrees.

6. One drop of sulphide of carbon vapourised in six cubic inches of

lir is exploded by an electric spark in the air pistol. Page 206.

Xanthates.—A considerable number of salts are related, more or

:^s intimately, to sulphide of carbon. I have given a full account of

ueir constitution, as far as it is understood, in my work on the Radical

"heory. The formulae and names which have been applied to them
re extremely numerous, and in many cases curious from their oddness.

'>ut since the salts have only a theoretical interest, and are without

Tactical importance, I will pass them over.

t
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The SULPHOCYAXIDES.
'

Formula, MCyS' = MS + CyS.

I give to the sulpliocyanides a formula which intimates that they are

to be looked upon as double sulphides, consisting of a sulphide of cyano-

gen combined with a basic sulphide. But the common formula attri-

buted to them is M+CyS* ;
in which case the elements CyS* or CNSS art

considered as forming a peculiar salt radical. I do not find any experi
mental evidence to prove the separate existence of such a radical

;
bui

it certainly may exist, for it has much of the character of those acic

bisulphides which I have compared at page 623 with amiJogen. L

deserves, however, to be borne in mind that the ibrmula is susceptibl*

of another variation, namely, MS* + Cy ; which represents a cyanid*
of a basic bisulphide. Upon the whole, the formula MS + CyS i

preferable to the others.

Hydrosulphocyanic Acid = HS + CyS = HCyS*.
—Dissolve sulpho

cyanide of potassium in a small quantity of water, add a concentrate(

solution of phosphoric acid, and distil the mixture. The product is

concentrated solution of hydrosulphocyanic acid in water. It is coloui

less, odorous, strongly acid, of sp. gr. i '022
;

it boils at 217° F., ani

freezes at 14° F. With metallic oxides, it forms—
Sulpliocyanides

= MCyS* = MS -f- CyS.
—These salts are nearly a

soluble in water, producing colourless solutions. Their most strikin

character is, that with solutions containing ferric salts they })roduce a

intense blood-red colour. Hence, a solution of sulphocyanide of pota;

sium is the most delicate test for the presence of iron. A solution (

nitrate of silver gives a white precipitate of sulphocyanide of silve

which is insoluble both in nitric acid and in ammonia.

Sulphocyanide of Potassium = KCyS*.
—This salt, which may I

adduced as the best example of the series, is prepared as follows : Ca
.

cine in a covered crucible, at a dull red heat, an intimate mixture of

parts of dried yellow prussiate of potash, 2 parts of sublimed sulphu

and I part of carbonate of potash. Let the fused mass cool, and th(

treat it with boiling water. Filter and evaporate the filtered liquc

When it cools, prismatic crystals of sulphocyanide of potassium will '

produced. The crystals can be purified by solution and recrystallisati<

from alcohol.

Theory.
—Yellow prussiate of potash is KKFe,Cy^. The potash

the carbonate of potash throws out the iron in the state of oxide, wh -^

CO* escapes as gas. The cyanogen and potassium thus set free combi

with the sulphur, to produce the double sulphide KS + CyS.

Among the basic radicals which produce sulphocyanides are hyd

gen ;
metallic radicals, both of the basylous and basylic states

; hydroc

bons, and ammoniums, simple and compound. The sulphocyanii

occur, single, double, and triple.
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6. SELENIUM.

Symbol, Se. Equivalent, 40 ; Specific gravity in the solid state, 4-8.

Selenium is solid, brittle, and of shelly fracture. Its sp. gr. is 4*8.
It has a metallic splendour ;

its colour is black or dark grey ; it is

opaque. Thin slips have a red colour, and are transparent ; the fine

powder is dark red. It readily fuses ; heated and protected from air,

it boils and produces a dark-yellow gas. It burns in the air with a

blue flame, and diffuses a powerful odour of decayed horse-radish. It

dissolves when heated in nitric acid or aqua regia, and produces selenious

acid.

Compounds of Selenium.—They very much resemble those of sulphur.

With oxygen, it forms selenious acid ; with hydrogen, it forms seleniuret-

ted hydrogen ; with oxygen and hydrogen jointly, it forms selenic acid
;

with oxygen and metals jointly, it forms seleniates, which are very similar

to sulphates ;
with metals, it forms selenides. The compounds of sele-

nium are equivalent to those of sulphur, excepting that every atom of

the latter is replaced by an atom of the former. Selenium is extremely
rare : it occurs in the mineral called selenide of lead = PbSe, and in

the refuse of a particular sulphuric acid manufactory near Fahlun.

Selenious Acid.

Formula, SeO; Equivalent, 56; Specific gravity of gas, 56; Atomic

meas^ire, i volume ; Systematic name, Selate.

Preparation.
—

Arrange the apparatus represented by fig. 479. Put
a fragment of selenium into

the tube a 6 c, so as to rest

at the elbow 6. Pass oxygen

gas from the retort through the

apparatus. Then apply a spirit

lamp to the bend of the tube.

The selenium takes fire and

bums with a blue flame, and

selenious acid condenses in the

upper part of the tube c, in J
white crystalline needles. The
acid is soluble in water, and
forms with basic radicals a

'^'

variety of salts, the selenites = MSeO + MSeO*, which closely resemble

the sulphites.
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Selenic Acid.

Formula, "HSeO*
J Equivcdent., 'j-^.

The seleniates agree with the formula MSeO*. They resemble the

sulphates. Seleniate of potash is produced by deflagrating selenium or

a selenite with nitre. The product of the deflagration is dissolved in

w^ater and mixed with a solution of nitrate of lead, which precipitates
seleniate of lead. If this salt is suspended in water and decomposed

by sulphide of hydrogen, we obtain sulphide of lead and hydrated
selenic acid :

—
PbSeO« + HS = PbS + HSeO«.

The seleniates are produced by saturating this acid with metallic

hydrates :
—

HSeO« + KHO = KSeO« + HHO.
All the salts of selenium when decomposed on charcoal before the

blowpipe, produce the odour of horse-radish by which selenium is cha-

racterised.

Hydroselenic Acid, Seleniuretted Hydrogen^ Selenide of Hydrogen.

Formula, HSe ; Equivalent, 41 ; Specific gravity of gas, 41 ;
Atomic

measure, i volume. Systematic name, H) dra sela.

Prepared in the same way as hydrosulphuric acid. A colourless gas,

of most offensive odour, and very jjoisonous.

All the compounds of selenium nearly resemble those of sulphur, but

the scarcity of this element renders them of little importance.

TELLURIUM.

7. The Tellurous Radical, Te =
64.

8. The Telluric Radical, Tec =
32.

Tellurium is an element which has some of the properties of a metal,

but on the whole such as agree better with those of sulphur and selenium.

Very rare. Its ores are found only in Hungary and Transylvania.
The radical Te produces tellurous salts, such as HTe, a gas, sp. gr.

and equivalent both =
65 ;

TeCl = tellurous chloride. H,TeO* =
hy-

drated telluric acid
; Te,TeO^, telluric anhydride. In this case, the

ordinary names indicate the composition erroneously. The radical Tec

produces telluric salts ; TecCl = telluric chloride
; Tec,TecO = tellu-

rous oxide (again a contradiction in terms) ; TecS = telluric sulphide.

The proposed systematic nomenclature would avoid such vague and

erroneous names as the above.

HTe = Hvdra tellurous. Tec,TecO = Telluric telluricate.

TeCl = Tellurous chlora. Te,TeO' = Tellurous tellurousite.

TecCl = Telluric chlora. HTeO^ = Hydra tellurousete.

TecS = Telluric sulpha.
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9. PHOSPHOEUS.

Symbol, P
; Eqinvalent, 3 1 ; Specific gravity of gas, 62

; Atomic

measure when isolated, i volume
;
Atomic measure when acting as an acid

radical in salts, ^ volume
; its condensing power on other radicals with

ichich it combines toform gases, is the reduction of every volume to half a

volume.

Occurrence in Nature.—See page 12. The phosphorus which is

required for scientific and technological purposes is derived entirely from

the bones of animals.

Preparation.
—

Phosphorus is prepared by distilling a mixture of

burnt bones and charcoal. The operation is too troublesome and

dangerous to be undertaken by unpractised students. The method is as

follows :
—Mix 3 parts of white burnt bones with 20 pai-ts of water and

two parts of oil of vitriol, and put the mixture to digest in a warm

place for 24 hours. It will then contain sulphate of lime and super-

phosphate of lime. Add 50 parts of water, which dissolves only the

superphosphate. Strain to separate the sulphate of lime, and evaporate
in an iron pot, till the mixture forms a jelly. Then add as much

powdered charcoal as is equal in weight to one-fourth of the bones

used. Stir the mixture thoroughly, and heat it gradually till red-hot.

It is then to be immediately put into a

stoneware retort, a, fig. 480, the neck

of which is adapted to a wide tube of

copper, 6, whose other end dips about

a quarter of an inch only into cold

water. Heat is to be applied to the

retort and gradually increased, upon
which the phosphorus distils over int

the water. In the retort, there re-

mains neutral phosphate of lime. A
safety-tube is added to the flask, to

allow the escape of various incon-

densable inflammable gases that are

produced in the distillation. The

phosphorus thus obtained is cut under
water into small pieces, put into a

glass tube that is corked at the bottom, and the upper end of which is

funnel-shaped. Cold water is added, and the tube is then plunged into

warm water, when the phosphorus melts and fills the narrow part of the

tube, while the water and impurities rise to the surface. The tube is

2 T

480.
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then put into cold water, when the phosphorus becomes soHd. The
cork is removed, the phosphorus pushed out of the tube, and the im-

purities cut off.—Phosphorus can be purchased for experiments in sticks

like those of caustic potash. These must be preserved in water, in a

bottle corked, and placed in a dark and cool situation. Phosphorus

requires to be handled with much caution, because the heat of the hand

inflames it, and it causes very painful wounds.

Distillation of Phosphorus,
—Since phosphorus is fusible at a

ver}'

low temperature, and volatile without change, it can be readily distilled

in vessels of glass, but the distillation necessarily demands particular

care, because of the extreme combustibility of phosphorus. The appa-
ratus represented by fig. 481 can be used for this experiment. The

phosphorus to be distilled is put into the retort A. The receiver, «, &,c,

must be of a large size, in proportion to the retort, and must have a

little water at 6, enough to cover the bend, but not enough quite to

fill either of the two branches of the tube, a h or h c. When the

retort is heated, the air forces the water to rise into the branch b c, and

then passes through it in bubbles. After that the phosphorus passes
- over into the tube, and cx>n-

I denses under the water in a

./\^ liquid state as long as the

temperature remains above

104^. When the distillatloD

ceases, or even slackens, a

vacuum forms in the retort.

The atmospheric air then be-

gins to press at c upon the

liquor in the bend 6; the

liquor rises in the branch a b.

and the air rises through it in bubbles to supply the vacuum in th(

retort A. If the branches of the tube were not made large enough foi

this play of the water and air, the water would be driven back into the

hot retort and might break it with explosion ; and if the liquid phos-

phorus were driven back with the water into the retort, the result

that explosion might be very dangerous indeed, both to the operatoi

and to his house. The utmost caution should be used to avert se

fearful a disaster.

To render Phosphorus Colourless and Transparent without DistUlati'—A concentrated solution of bichromate of potash is mixed witl

sulphuric acid, and in this mixture the yellow or reddish opaqu*

phosphorus is melted. The bottle is then to be closed and violenti;

shaken, for the purpose of dividing the phosphoras and bringing it int(

contact with the solution. The phosphorus falls into minute balls

which, when left quiet, again unite and form a liquid, which even retain

the liquid form after cooling, until it is touched by some solid Ixk^

481.
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npon which it immediately congeals. Phosphorus can also be purified

by being melted under water that contains ammonia or caustic potash.

Properties.
—

Phosphorus, at the ordinary temperature of the air, is

solid, of a yellow colour, transparent, flexible Hke wax, and heavier than

water. Its specific gravity is i
*

83. It melts upon being gently heated,
at 113^ F., or when warm water is poured upon it. If excluded from

air, and exposed to a higher temperature, it volatilises, and can be

distilled at 572° F. Its gas is colourless. It is insoluble in water, but

dissolves in oils, alcohol, ether, naphtha, and sulphide of carbon. It

crystallises in rhombic dodecahedrons.

In the presence of air, phosphorus readily inflames
;
a gentle friction

is sufficient to cause its combustion. In hot weather it often inflames

spontaneously, especially if exposed to the air upon rough bodies, such as

coarse blotting-paper. It bums with a bright flame, and produces a

thick white smoke. It gives light in darkness
;
and this light is most

powerfully produced when a stick of phosphorus is placed in nitric acid,

in such a manner that a portion projects above the liquid. It diffuses

white vapours in the air. When kept in vessels exposed to light, it

acquires an opaque brown coating of oxide or of amorphous phos-

phorus, even though immersed in water. Its odour is peculiar, but

somewhat resembles that of garlic. It is poisonous.
Nitric acid and aqua regia easily dissolve phosphorus, and produce

phosphoric acid. Hydrochloric acid does not dissolve phosphorus. If

chlorine gas is passed over heated phosphorus, it produces a solid or

a liquid chloride of phosphorus, according as more or less chlorine is

employed. In a solution of pure potash, phosphorus dissolves under

disengagement of spontaneously inflammable phosphuretted hydrogen

gas.

Amorphous Phosphorus.
—This substance is pure phosphorus possessed

of properties quite different from those of common phosphorus. It is a

brownish-red powder. When exposed to the air it emits no light, nor

smoke, nor odour. It is insoluble in sulphide of carbon and in naphtha.
Its specific gravity is 2

*

14. It may be heated in the open air to any

degree under 500° F. without taking fire, but at 500° it changes into

common phosphorus, and melts and burns like common phosphorus.
If it is heated in a close tube free from air it is still converted at that

temperature into common phosphorus. The amorphous phosphorus is

prepared by heating ordinary phosphorus in a glass vessel, in an atmo-

sphere of carbonic acid gas for several hours at a temperature of about

450° or 460° F. It may be prepared in an imperfect manner by
experiments 9 and 10 in the following collection.

Experiments with Phosphorus.

In all experiments with this substance, the greatest degree of care is

required, on account of its very combustible nature. A very small

2t2
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portion of it (the quantity is generally mentioned in the experiment)
should be operated upon at once. When it is taken in the hands, it

never should be held for more than a few seconds, for the heat thus

applied is sufficient to inflame it, and a burn from phosphorus is more

painful than any other kind of burn. It is better always to handle it

with pincers. A basin of cold water ought always to be at hand, to

dip the phosphorus in occasionally ;
and w^hen it is cut in pieces it must

be cut under water. Phosphorus can only be preserved by keeping it in

places where neither light, nor air, nor heat has access. It is pur-
chased in rolls about the thickness of a quill ;

these should be put
into a phial filled with cold water, that has been previously boiled to

expel air from it, and the phial should be inclosed in an opaque case.

Experiments made with phosphorus create a very disagreeable odour in

the house where the operations are carried on.

When a bit of phosphorus is required for an experiment, a stick

should be lifted out of the bottle with pincers, laid in a flat dish con-

taining water, and the required quantity be cut off with scissors or

knife. The stick should be immediately returned to its water-bottle.

The bit may be dried by gentle pressure (not by friction) on filtering-

paper.
1. Fusion of Phosphorus.

—Into a glass tube half filled with warm

water, put a small piece of phosphorus ;
it sinks to the bottom of the

water and melts. It does not burn because cut off from air, and it

cannot, like potassium, decompose water.

2. To show the Inflammable nature of Phosphorus.
— i. Wrap .

grain of it, dried on blotting-paper, in a piece of brown paper, and rut

it with some hard body ;
it will set fire to the paper. 2. Put into th(

middle of some dry cotton, a piece of phosphorus the size of a larg(

pin's head (previously dried as before) ;
strike it with a hammer and :

will inflame.
3. Upon a piece of glass, lay a small piece of phosphors

and place the glass upon a cork on the surface of hot water in a basin

the phosphorus will inflame. 4. If a chip of dried phosphorus 1

brought into contact with iodine on a watch glass, inflammation ii

stantly ensues. 5. When oxide of copper is heated with phosphoru
in a glass tube over a spirit-lamp, a vivid combustion, attended by :

green flame, is produced.

3. Preparation of Phosphorised Ether.—Suffer sulphuric ether t

stand for some time over a few grains of phosphorus in a well-stopperei

phial. The solution is aided by occasional agitation.

4. Preparation of Phosphorised Oil.—Put one part of phosphoru
with six parts of olive oil into a Florence flask, and digest the mixtur

in a gentle sand heat for two hours. The solution must be kept in

dark place.

5. To make Waves of Fire on the surface of Water.—On a lump c

loaf-sugar, let fall a few di'ops of phosphorised ether, and place
th
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sugar in a glass of warm water
;
a very beautiful appearance will be

instantly exhibited, and the effect is increased if the surface- of the water
is made to undulate, by blowing gently with the breath.

6. To make the Face and Hands Luminous, so that^ in the dark, they

appear as if on Fire.—Though the phosphorised oil and ether are

luminous in the dark, yet they have not the power to burn anything ;

so that either of them may be rubbed on the face and hands without

danger; and the appearance thereby produced is hideously frightful.
All the parts of the face that have been rubbed, appear to be covered

with a luminous bluish flame, and the mouth and eyes appear as black

spots. The light is stronger if the hands are rubbed to expose new
surfaces of phosphorus. When the bottles containing phosphorised oil

and ether are opened in the dark, light enough to tell the hour on a

watch is evolved.

7. Combustion of Phosphorus in Oxygen Gas.—See page 185.
8. Writing which is luminous in the dark.—Trace letters or figures on

a smooth board, or on dark coloured paper, with a stick of phosphorus,
in the same manner as you would trace them with a crayon. Every line

thus made will be beautifully luminous in the dark, and will continue

so for some minutes. The luminous appearance of the writing arises

from a slow combustion of the phosphorus which adheres to the board.

9. Brilliant Combustion under Water. Production of Amorphous
Phosphorus.

—Drop a piece of phosphorus, of the size of a small pea,
into a deep glass containing a little cold water, and add a good quantity
of hot water, which will melt the phosphorus but not

inflame it. Then force upon it, from a bladder with a

jet pipe fitted to it, a stream of oxygen gas. Upon this,

there will be produced a flame of great vividness below

the water. Phosphoric acid is formed, and dissolves in

the water
;
but solid red flocks which remain undissolved,

consist chiefly of amorphous phosphorus. It is un-

certain whether or not it also contains an oxide of

phosphorus.
10. Amorphous Phosphorus.

—Into a glass tube, three feet long and

half an inch wide, put, at about six inches from one end, a piece of

phosphorus of the size of a pea. Melt the phosphorus by holding
a spirit-lamp below. Then blow suddenly and strongly into the tube,

applying your mouth to that end near which the phosphorus is placed,

upon which a large flame is produced, and the whole tube becomes

coated with a red powder, which chiefly consists of amorphous phos-

phorus. This experiment is very dangerous to a careless experimenter.
If you suck air from the tube, instead of blowing air into it, you will

be seriously burnt.

11. To show the different Solubility of the two hinds of Phosphorus in

Sulphide of Carbon.—Put small bits of each kind of phosphorus int9
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separate small quantities of sulphide of carbon. Wet two pieces of

filtering paper with the two solutions. The sulphide of carbon speedily

evaporates, and one of the pieces of paper takes fire, but not the one

prepared with amorphous phosphorus.
12. Preparation of Phosphorus for the Instantaneous production of

Light.
—Put a little phosphorus, dried on blotting-paper, into a small

phial ;
heat the phial by placing it in a ladle full of hot sand, and turn

it round, so that the melted phosphorus may adhere to its sides. Cork
the phial closely, and it is prepared. Another method of preparing it

consists in mixing one part of flowers of sulphur with eight parts of

phosphorus. On putting a common sulphur match into this fire-bottle,

stirring it about a little, and then withdrawing it into the air, it will

take fire. Sometimes, however, it is found necessary to rub the match,
when withdrawn from the phial, on a cork, before it will inflame.

13. Matches that take Fire without Explosion when rubbed.—The
matches that inflame with explosion always contain chlorate of potash.
Those which take fire quietly are free from that salt. Since the

manufacture of matches with chlorate of potash is always attended with

danger, it is advisable, if possible, to dispense with the use of it.

The best mixture for the preparation of a combustible substance,

adapted to burn without explosion, when fixed upon wood, papers,
German tinder, &c., is as follows:—Take, gum arable, 16 parts by

weight; phosphorus, 9 parts; nitre, free from deliquescent chlorides,

14 parts ; peroxide of manganese in very fine powder, 16 parts.
Red lead may be used instead of manganese, if a red colour is desirable

in the inflammable mixture. Gum tragacanth may be advantageously
used instead of gum arable, since i part of tragacanth makes as thick

a mucilage with 100 parts of water, as i part of arable does with 4 parts

of water.

The matches are prepared as follows :
—The gum is first made into a

strong mucilage with water in an evaporating basin, with the aid oi

heat. The manganese is first added, and then the phosphorus, pre-

viously cut into very small pieces. These must be immediately enve-

loped by the gum-water. Heat is then applied to melt the phosphorus,
but this must be kept below 140° F. When the phosphorus melts, tli

whole is to be well mixed, and the phosphorus very finely difiiised, Ir

means of thorough stirring with a flat spatula. The nitre is then added

and the heating and active stirring are continued until the whole h

brought to a uniform paste, and of that degree of consistence which on!

experience can indicate as the proper working point. At this stage c

the operation the particles of phosphorus must no longer be visible t*

the naked eye.
When the mixture is thus prepared, the wood matches prepared witl

sulphur, or the paper prepared with nitre, is dipped into it, and thei

dried in the air.
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As it is known that phosphorus slowly becomes oxidised at the

expense of the oxygen of the air, and produces phosphorous acid, which

greedily absorbs moisture, it is proper to provide against the consequent

spoiling of the matches, by giving them, when prepared or dried, a very
thin coat of copal varnish, applied by means of a brush. This effectually
hinders the spoiling of the matches by damp.

14. The following is a cheaper mixture for the preparation of

matches :
—Take, phosphorus, 4 parts ; nitre, i o parts ; carpenters'

glue, 6 parts ; red lead, 5 parts ; smalt, 2 parts.
The glue is to be soaked 24 hours in a small quantity of water, till it

produces a jelly. It is then to be put into a porcelain mortar placed
over a hot-plate or sand-bath, the other ingredients are to be added, and

the whole is to be thoroughly mixed with a porcelain pestle, at a tem-

perature not higher than 1 50 °F., till the product is a uniform stiff" paste
that can be drawn into threads.

1
5. Paper Matches that hum withoutflame.

—The above mixture is put
on the end of small rolls of paper, prepared by soaking the paper in a

strong solution of nitre, and then drying it.

16. Paper Matches that hum with flame and produce a scent.—Dip
writing-paper into a solution of benzoic acid. Dry it, cut it into slips,

and anoint the ends of the slips with the above-described combustible

mixture. Then roll up the slips into matches.

17. Matches of Wood to burn withflame,prepared withoutSulphur.
—The

wood must be very dry, the ends of the matches dipped first into melted

wax, and then into the melted combustible mixture. These matches

take fire when rubbed upon glass paper.
—

Boitger.

18. Rat Poison.—Prepared from 9 ounces of water, 8 ounces of rye-

meal, and a quarter of an ounce of phosphoruft.

Phosphoeic Acid.

Phosphoric acid, like nitric and sulphuric acid, occurs in two conditions,

namely, in the state of hydrate and in that of anhydnde. These varie-

ties of phosphoric acid are constituted as follows :
—

The Hydrate = H,PO^ = Hydra phosphite.
The Anhydride = P,PO* = Phospha phosphute.

The first of these salts contains one replaceable atom of basic hydrogen,
which it can exchange for any other radical whatever. When the re-

placing radical is of the basic order, whether metallic or non-metallic,

the quantity of oxygen in the normal phosphate continues to be 0^ ; but

when the replacing radical is of the acid order, the quantity of oxygen
in the phosphate becomes O* or O^, according to the special character

of the acid radical by which the hydrogen is replaced, as is explained in

tlie general notice of the anhydrides that has been given at page 295.
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According to this view of the constitution of the two varieties of

phosphoric acid, the anhydrous compound is not a constituent of the

normal or liydrated acid
;
but an abnormal salt, derived from the normal

acid by the expulsion of basic radicals, and resolvable into the normal

acid by the reacquisition of basic radicals. One equivalent of the anhy-
dride and one salt formed on the model of water produce two equiva-
lents of the hydrated normal acid :

—
Anhydrous acid P,P0^1
Water . . H,HO |

J
tt'pq3 [ Hydrated acid, 2 atoms.

The monobasic phosphates are consequently formed on the model of

the hydrated acid = HPO^, and have no relation whatever to the anhy-
drous acid = P,PO^ excepting that which is here explained. The phos-

phates, therefore, never contain anhydrous phosphoric acid.

Anhydrous Phosphoric Acid = P,PO\

Preparation.
— i. When phosphorus is burnt in oxygen gas, or in

common air, it produces a thick white smoke, which, if the gas or air is

perfectly free from moisture, gra-

dually settles down into a white

powder. See pages 185 and 259.
This white powder is anhydrous

phosphoric acid. To prepare it,

take a very large bell jar and a flat

capsule, as represented in
fig. 483.

and make both of them perfect!

dry. To accomplish this dryii

fully, put under the jar on the fi

capsule a basin full of lumps of dr

quicklime, and suffer it to remaii

there for some hours. Then remove the basin of lime, and replace it b}

a porcelain cup containing a fragment of dried phosphorus, which is t(

be lighted, and the jar to be immediately put over it. The combustioj

of the phosphorus continues under the closed jar, until all the oxygen
the air is converted into anhydrous phosphoric acid, which is deposits
as a white powder over the whole interior of the apparatus.

If th

phosphorus was in excess, there remains in the cup a little red matte;

which may either be amorphous phosphorus or an oxide of phosphorii-

The white powder is to be rapidly scraped together with a platinui

spatula, and put into a well-dried and well-stoppered glass bottle.

2. Preparation of the Anhydride hy a continuous process.
—The prt

paration of the phosphoric anhydride, in quantities, by a continuou

process, requires an apparatus such as is represented by fig. 484. Th

vessel in which the phosphorus is burnt is a great glass globe of 2(
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to 30 pints capacity, with three necks, as represented by A in the

figure. It must, of course, be well dried. The cork fitted to the

central upper neck is traversed by a tube, a b, half an inch in the bore,

484.

and open at both ends. A small porcelain capsule, v, is tied by pla-
tinum wires a little below the lower end, 6, of this tube. To the

tubulure on the left hand, d, a desiccating tube, C, filled with pieces of

pumice-stone saturated with sulphuric acid is attached. The right-hand

tubulure, g, is connected with a wide glass tube, g h, the extremity of

which descends into a dried bottle, B, which bottle is placed in com-

munication, by means of the tube k I, with an Aspirator (see fig. 343,
page 346), capable of drawing air continuously through the apparatus
in the direction of c to L By this means a supply of fresh dry air is

caused to be constantly present in the globe A. The apparatus being
thus arranged, a bit of well-dried phosphorus is dropped through the

tube a b into the cup v. It is set on fire by a hot wire passed down
the tube a 6, and the end of the tube a is then closed by a cork. The

phosphorus burns and combines with the oxygen of the air, and a quan-

tity of phosphoric acid in white powder is deposited in the globe A and
in the bottle B. When the first bit of phosphorus is consumed, a

second bit is inserted, and so on repeatedly, till enough of the acid is

prepared.

Properties of the Phosphoric Anhydride.
—A snow-white, flocculent,

inodorous powder; fusible at a red heat; volatile at a white heat; deli-

quescent, and very soluble in water, upon contact with which it hisses

like a red-hot iron, disengaging much heat, and producing the normal
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hydrated acid ; from which the anhydride cannot again be separated by
heat.

Hydrated Phosphoric Acid = HjPO'.

This is the normal monobasic phosphoric acid containing H' replace-
able by any basic radical, organic or inorganic, simple or compound.

Preparation.
— i . If the solution which is produced by dissolving the

anhydride in w^ater is evaporated, it first becomes syrupy, then shows

crystals of hydrated acid, and if finally evaporated to dryness, and

heated to redness in a platinum capsule, it melts to a transparent colour-

less fluid, which, if cooled, continues to be transparent, and breaks with

a fracture like ice, or pieces of w^hite glass. The constitution of this

substance, which, owing to its glassy appearance, is caWed glacial phos-

phoric acid, is represented by the formula H,PO^. This substance is an

intensely sour and energetic acid. It is so extremely deliquescent that

it requires to be kept in bottles that are particularly well stoppered, and

tied over with caoutchouc.

2. Preparation of Hydrated Phosphoric Acid, hy the solution of Phos-

phorus in Nitric Acid.—This experiment requires the apparatus which

is represented by fig. 485. Take i part of phosphorus, and 13 parts
of nitric acid, diluted with water until its specific gravity is reduced

below I '2. The mixture is to be slowly distilled in the retort, and the

condenser must be well cooled. If the acid is denser than i
•
2 much

gas is disengaged, and if the retort and receiver fit too closely, 0;

the receiver is without an escape-pipe to carry off the gases, a dangerous

explosion may occur. But

with dilute acid the opera-

tion goes on peaceably.
The nitric acid which dis-

tils over is to be returned

to the retort, and again dis-

tilled over ;
and this repeat-

edly. Such a mode c:

operation is called cohoba-

tion. The phosphoric acid

is not volatile, and does not

485. distil over. When the

phosphorus is dissolved,

the liquor in the retort is boiled till the phosphoric acid becomes-

syrupy. It is then poured into a platinum capsule, evaporated to dry-

ness, and fused.

3. Preparation of Hydrated Phosphoric Acid hy a continuous process.—
The apparatus is represented by fig. 486. A stone bottle of one galior

capacity, d, pi'ovided with a stopcock at its lower end, /, is filled with

water, and connected with a large bottle, e, half filled with water, and thi.^
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bottle with an inverted funnel a, by means of the wide glass tubes b and c,

and the corks o, o, o. The diagram shows the details of the arrangement,

but represents the gallon bottle as too small in proportion to the other

figures. The tube b should be three-quarters of an inch wide and 2i feet

long. The funnel a should have a hole drilled in the side, and an

earthen plate should support it below. A piece of dry phosphorus is

placed upon the earthen plate, near the hole in the funnel, and is inflamed

by a hot iron wire. The stopcock / is opened, and as water mns out

of the bottle d, its place is supplied by air drawn from the rest of the

apparatus, and of course in at the hole in the funnel. Hence a current of

air passes over the burning phosphorus,^ and the phosphoric acid which

is produced is carried with the air, in the form of snow, into the tube 6,

a portion only of the acid proceeding so far as the flask e, in the water

of which it dissolves. When the phosphc«-us first put into the funnel

is burnt, a second piece is put in through the hole in the funnel, and is

inflamed by the support heated by the combustion of the portion in-

serted previously. This operation is repeated till the tube b is full of

phosphoric anhydride, or the jar d is exhausted of water.

The dry phosphoric acid in the tube is afterwards dissolved in the

water of the flask e, and evaporated to dryness in a capsule of platinum.
The occurrence of flashes- of fire from the concentrating solution indi-

cates the presence of a small portion of phosphorous acid, which, how-

ever, can be converted into phosphoric acid, by the addition of a little

nitric acid.

4. An impure hydrated phosphoric acid is prepared by digesting
at a moderate heat, for several days, a mixture of 3 parts burnt bones,
2 parts oil of vitriol, and 10 parts water. The mixture is to be often

stirred, and finally is to be strained from sulphate of lime, made alcaline

by ammonia, filtered, and evaporated to dryness. It is this impure
acid which is commonly prepared for sale.
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The Phosphates.

I have explained, at page 424, the constitution of the phosphates.
There are no less than three kinds, essentially different from one

another, namely,
—

1. The monobasic phosphates, called also metaphosphates, agreeing
with the normal acid HPO^

2. The tribasic phosphates, or common phosphates, which are

composed of the monobasic phosphates combined with salts formed on

the model of water, namely,

HPO« 4. HHO = ff,P0*.

3. The bibasic phosphates, or pyrophosphates, which consist of the

first class of phosphates combined with the second class, so as to

produce salts in agreement with this formula,—
HPO^ 4- HTO* = HSP^''.

All these salts are extremely stable
;
and in consequence of their

stability, they exhibit properties which do not belong to other salts,

which have the same atomic constitution, but not the same degree of

stability.

Detection of Phosphates. See page 94.
Common Propeeties of the Phosphates.—Not volatile, but certain

bases can be expelled from them by ignition. Most of them fusible to

a glassy mass. Decomposable by sulphuric acid. The phosphates of

the alcalies soluble in water; those of other bases insoluble. All of

them are soluble in nitric acid, from which solution acetate of lead

precipitates phosphate of lead.

Metaphosphates. Formula, MPO^.—The solutions are feebly acid.

They give, with solutions of chloride of barium and nitrate of silver,

white gelatinous precipitates.

Common Phosphates, Tribasic Phosphates. Formula, H^,PO*.—
Their solutions give, with salts of lead, a white precipitate, and with

nitrate of silver, a lemon-yellow precipitate.

There are three varieties of tribasic phosphates, whose solutions differ

in their reactions with test papers, as follows :
—

M H^PO* Solutions acid.

M*H ,P0* Solutions feebly alcaline.

M^ ,P0* Solutions strongly alcaline.

The hydrated phosphoric acid belongs to this class before it i.^

ignited ;
but the ignited acid or glacial phosphoric acid, is a metaphos

phate. H in these phosphates is replaceable either by a basylous 01

basylic radical.

Pyrophosphates. Bihasic Phosphates.
—Formula,

HPO^ + HTO* = HT^Cy.
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The Pyrophosphates are Phosphates that have been ignited. The
neutral salts are slightly alcaline. The acid salts have an acid action.

The solutions of both give, with solutions of chloride of barium and
nitrate of silver, white pulverulent precipitates.

The characters given to the different orders of phosphates are in some
cases founded upon observations made upon individual salts

;
and a cor-

rect understanding of these salts demands an examination of special

details, for which the reader must refer to works of greater extent than

the present; for example, to Mr. Graham's Treatise on Chemistry, or

to his original papers on the Phosphates, published in the Philosophical

Transactions iov 1833. Those papers gave to chemists the first clear

series of experimental proofs of the presence of hydrogen in salts as a

lasic radical, in contradistinction to its presence as an ingredient in

water of crystallisation ; a point which, up to that time, all Continental

chemists, Berzelius included, had completely ignored. The distinction

proved to be of great importance in mineral chemistry, and still greater
in organic chemistry.

The Phosphites.

The phosphites are salts corresponding to hydrated phosphorous acid,

the formula of which is HHH,PO^ and to anhydrous phosphorous acid,

the formula of which is P,PO^ ; for

H^PO^ + H^PO' = P,PO=' + 3H,H0.

Phosphorous acid, in the anhydrous state, is a white powder, volatile

and combustible. In the hydrated state, a

thick acid liquor, that gives crystals after

slow evaporation. The water cannot be

driven off by heat. Prepared as follows :

—Put small sticks of phosphorus into a

series of glass tubes having a narrow open-

ing at one end, fig. 487, and place these

tubes in a funnel adapted to a bottle,

fig. 488. Cover the whole with a bell

glass, to keep off dust, but not fitting so

close as to cut off atmospheric air. A solu-

tion of hydrated phosphorous acid gradually 487.
accumulates in the bottle. This solution,

if long exposed thus to the free access of air, becomes converted into

phosphoric acid.

The phosphites = MMM,PO', are of no practical importance.

The Hypophosphites.

The hypophosphites are constituted according to the formula

HHM,PO'. When phosphorus is boiled in barytic water the products
are as follow :

—
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Potash, 3 atoms = 3KHO] f .^^^ p^^. (Hypophosphite of

Water, 3 atoms = 3HH0I =
<^

^'^^^ '^^ ^
\ barytes, 3 atoms.

Phosphoras,4atoms = 4P J [PH*,H Phosphide ofhydrogen.
The hypophosphites are of no practical importance.

The Phosphides of Hydrogen.

There are three compounds of phosphorus with hydrogen.

A. Phosphuretted Hydrogen Gas.

Formula, PH', or probably^ PH*,H; Equivalent, 34; Specific gravity

of gas, 17; Atomic measure, 2 volumes.

Phosphuretted hydrogen is a gaseous compound of phosphorus and

hydrogen. It is colourless; sp. gr. 17. Its characteristic property is

extreme combustibility; it inflames by merely coming into contact

with the atmosphere. A brilliant white light attends its inflammation

in oxygen gas. When brought into contact with chlorine it detonates

with a brilliant green light. It has a disagreeable smell, resembling
that of putrid fish, and is poisonous. It combines in a very slight

'

degree with water. It is not acid. Those flashes of light, called by
the vulgar vcill-of-tke-wisp, and by some igms-fatui, which are often seen

in churchyards, and other places where vapours are exhaled from putri-

fying animal matter, are produced by the formation and inflammation ol

this gas.

Preparation.
— i. A small piece of phosphorus is put into a little

retort, which is then filled with a concentrated solution of caustic pot-

489.

ash, or a milk of lime and water. A long tube is joined to the retort

and a very gentle heat is applied by a spirit-lamp. The tube-neck

the retort is made to dip a little way into water contained in a capsule
or a little below the surface of the water of a pneumatic trough. Wher
the gas passes over, bubble by bubble, as it rises in the air, it explode.-

with a small flame, producing elegant wreaths or rings of thick whit<

smoke, which, if the air be tranquil, gradually float away, enlarging ii

diameter as they go up higher and higher. If a small glass filled witl
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oxygen gas is held over the mouth of the retort, the bubbles, as they
rise and explode in the oxygen gas, produce a light of extraordinary-

brilliancy.

Experimenting with this gas is not free from danger. Sometimes

explosions occur in the retort which smash it to pieces. In particular,

the exploding of the gas in oxygen is subject to accident, and ought
never to be exhibited without putting a wire safe round the glass con-

taining the oxygen gas. But if the cylinders of oxygen gas contain not

above 3 or 4 cubic inches of gas ;
if the current of phosphuretted hydro-

gen gas is slow, and each bubble

explodes as it rises into the oxygen,
there is no danger. This only oc-

curs when a large quantity of the

gas explodes at once. To prevent

explosions in the retort, you must
fill it entirely, tube and all, with

the milk of lime, or you may use

a gas bottle, fig. 490. After putting
in the materials, a match, with

good supply of brimstone upon it, 490.

may be burnt in the upper part of

the flask to absorb the free oxygen, after which there is very little

danger. The flask should be nearly filled with liquor, and the heat

be gentle and regular.

Phosphuretted hydrogen combines with hydriodic acid and produces
a gaseous salt of the fonnula Pff -}- HI, which has an atomic measure
of 4 volumes. It also produces a corresponding salt with hydrobromic
acid, formula PH^ -j- HBr ; atomic measure, 4 volumes. See page
148. On comparing these facts with what is stated in regard to the

salts of ammonia at page 315, we are led to the conclusion that phos-

phuretted hydrogen is, like ammonia, the hydride of an amidogen
= PH*,H ; which conclusion is strengthened by the recent discovery of

salts which greatly resemble salts of ammonium, but which have a basic

radical formed in accordance with the formula PH*, a formula indicating
an ammonium, in which nitrogen is replaced by phosphorus.

2. A second method ofexhibiting the production and singular properties
ofphosphuretted hydrogen gas, is as follows :

—Drop a small

piece ofphosphide of calcium into a wine-glass of water : in

a short time bubbles of gas will be produced, which, rising
to the surface of the water, will take fire and explode. After
each explosion a beautiful column of white smoke will

ascend from the glass. If the phosphide of calcium be not

fresh made, it mav be proper to warm the water it is added
to. If the residue of the phosphide of calcium be dried, and
have hydrochloric acid poured upon it, it will inflame.
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3. Put into a glass (fig. 492) one part of chlorate of potash and two

parts of phosphide of calcium, in pieces about the size of peas (not in

powder), or instead of the phosphide of calcium use a few
small pieces of phosphorus the size of canary seeds. Fill TJ
the glass with water, and put into it a tube funnel that will

reach to the bottom
(fig. 493). Pour through this funnel

six or eight parts of strong sulphuric acid, upon which
flashes of fire will dart from the surface of the fluid, and CT^
the bottom of the vessel be illuminated by a beautiful

green light.

B. Liquid Phosphide of Hydrogen. Formula, PH^.—
This seems to be the radical which forms part of the

gaseous phosphide PH*,H. It is prepared by condensing
in a U-tube the gas that is disengaged by the action of

water upon phosphide of calcium
; free oxygen being 4^2. 493

excluded. The condensing-tube must be cooled with a

freezing mixture of ice and salt. It forms a colourless liquid. The
instant it comes into contact with free oxygen it burns with the brilliant

white light of phosphorus. A little of its vapour diffused in hydro-

gen, carbonic oxide, or other combustible gas, gives to it the propert}
of taking fire spontaneously in oxygen or atmospheric air; and since

phosphuretted hydrogen gas is sometimes produced which is withou

the power of spontaneous inflammation, it is presumed that in al

cases it owes that power to the presence of a small quantity of th<

radical PH*.
C. Solid Phosphide of Hydrogen.

—Formula said to be PH, whi.

seems improbable. Produced by the action of hot hydrochloric acid >

phosphide of calcium. A solid, of two kinds, green and yellow. Tak
fire at 300° F.

The young chemist is again reminded that all experiments made wit

phosphorus, with phosphuretted hydrogen, or with other preparatior
of phosphorus, must be made with great care, to prevent accidents froi

fire or from explosions, or from the noisome stink and unwholeson

atmosphere which such experiments produce in the apartment in whic

they are performed, when there is no thorough ventilation.
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ARSENIC.

10. The Arsanous Radical = As. Equivalent, 75.
11. The Arsanic Radical = Asc. Equivalent, 25.

The specific gravity of Arsenic in vapour is 1 50. Assuming this to

represent Asc, its atomic measure when isolated is ^ volume. In salts it is

the same. It reduces the atomic measure of every radical with which it

combines to form a gaseous salt from i volume to ^ volume. See pages

138 and 142.

Metallic arsenic forms rinds and crystalline masses of a steel-grey

colour, with a brilliant metallic lustre, but which lose their lustre and
become black on exposure to the air. It is brittle, and easy to powder.
Its sp. gr. is 5*7 to 5 '95. When heated, it readily volatilises without

undergoing fusion. The vapour possesses a peculiar odour, resembling
that of garlic. It deposits on cold bodies as brilliant crystals. When heated

in the air it produces a white smoke, which is arsenious acid. When
more powerfully heated, or when heated in oxygen gas, it burns with a

pale-blue flame, producing arsenious acid.

It dissolves in hot nitric acid, producing arsenious acid. It dissolves

in aqua regia, producing arsenic acid. It is insoluble in hydrochloric
acid. Arsenic and all its compounds are poisonous. Arseniuretted

hydrogen gas is peculiarly dangerous. Its smell is deadly.
In consequence of the virulent poisonous prop<^rties of arsenic and its

compounds, they should be handled with the utmost precaution. They
are never to be tasted, and are not to be smelt without great care. When
they are reduced and volatilised before the blowpipe, the odour of garlic
which they produce betrays them. An extremely small quantity of any
arsenical compound will produce this odour. In examining metanic

minerals before the blowpipe, this odour is often produced. The stu-

dent should know it, and avoid smelling or inhaling it more than is

absolutely necessary.
Arsexious Acid. White Arsenic.—A heavy white powder, which

subhmation converts into a white glassy mass. Very volatile, the

vapour not odorous ; easily reducible by ignition with charcoal, or cya-
nide of potassium, the vapour giving the garlic odour peculiar to

metalhc arsenic ; sparingly soluble in water, easily soluble in hot hydro-
chloric acid, and the solution deposits anhydrous octahedral crystals of

irsenious acid when it cools. A violent poison.
The two kinds of arsenious acid differ considerably in their form,

transparence, solubility, and other properties, but they are easily con-

vertible, the one into the other, and they have the same ultimate com-

position, namely, 50 parts by weight of arsenic to 16 parts of oxygen,
2 u
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It is, nevertheless, possible that they may differ in their proximat
constitution as follows :

—
As ,As O^ = Arsanous arsanousite. Equivalent, 198.
AsCjAscO = Arsanic arsanicate. Equivalent, 66.

It is, however, at present impossible to say which of these formal,

should be given to the crystallised variety, and which to the amorphou

glassy variety. The specific gravity of its gas is 198, which is equal t

the atomic weight of As,AsO^, making the atomic measure i volume

But if the atomic weight is 66 = Asc,AscO, then the atomic measur

is f volume. In either case the oxygen measures nothing.
Arsenious acid is prepared, on the large scale, by the roasting of ore

of iron, cobalt, nickel, and other metals which contain it as a const;

tuent. It is purified by re-sublimation, which produces the glass;

form. That variety is reduced to the opaque variety by exposure t

air, by long boiling in water, or by the mechanical agitation caused b

grinding it to powder.
Arsenic Acid. Formula^ As,AsO*; Equivalent, 230.

—Colourlest

fusible, glassy mass. Deliquescent, forming an acid solution in watei

Preparation.
—

4 parts of arsenious acid, i part of hydrochloric acid, sj

gr. I '2, and 12 parts of nitric acid, sp. gr. 1*25, are to be boile

together to dryness, and the residue is to be very slightly ignited.

Arsenites.— Soluble alcaline arsenites are formed as follows :
—Boil

solution of caustic potash in a porcelain capsule or a glass flask. Add t

the boiling solution as much powdered white arsenic as it will dissolv*

As long as the solution of potash is not saturated with the acid it giv(

a brown precipitate with a solution of sulphate of copper. When it

saturated it gives a splendid green precipitate. The saturated sol

tion then contains arsenite of potash, by means of which any insolubi

arsenite can be produced by double decomposition. The followin

are examples :
—

Precipitates produced hy Solutions of Arsenites.

White .... Lime-water in excess. Chloride of

Arsenite of lime. calcium with excess of ammonia.

Orange Yellow . . Sulphuretted hydrogen with excess

Sulphide of arsenic. of hydrochloric acid.

Yellow .... Nitrate of silver with excess of ara-

Arsenite of silver. monia.

Grass-Green . . Sulphate of copper with excess of

Arsenite of copper. ammonia.

Detection of Arsenites. See page 93.
Constitution of the Arsenites.—Supposing the acid to be the arsanoi

anhydride As,AsO^, the corresponding noraial salts will be MAsC
because in the above experiment—
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KHO + KHO) _ jKAsO* -f KAsO«
+ As,AsO^[

~
\ + HHO.

Other salts occur producing the following series :
—

MAsO* = M As 0«
MAsO^ + MMO = M^\s O'

MAsO* + MMO + MAsO» = M*As«0*.

And other still more complex salts also occur, some of which agree
better with the series MAscO than with the above series. The arsenite

of potash of the arsanic series would be produced thus :
—

KHO + KHO) _ JKAscO + KAscO
Asc,AscO[

~

IhHO.
And all the salts of that series can be formulated as compounds of

MAscO with HAscO and AscAscO, in various proportions, producing
salts similar in form to the borates and silicates. It seems to be not

improbable that there exist two distinct classes of arsenites, as well as

two kinds of arsenious acid, namely
—

The Arsanous series = MAsO.
The Arsanic series = MAscO.

Arseniates.—There are three kinds of arseniates constituted in ac-

:x)rdance with the following formulaa :
—

MAsO' = M As O'

MAsO^ + MMO = M^As O*

MAsO^ + MMO + MAsO^ = M^As^O^

The arseniates are much more stable salts than the arsenites.

The soluble salts are produced by saturating a solution of arsenic acid

-vith carbonated alcali. The insoluble salts by precipitation from an

ilcaline arseniate. All the alcaline salts are soluble in water. The
)thers are insoluble in water, but soluble in nitric and hydrochloric
.cid. The tribasic salts are of these kinds—

M^AsO^ M*H,AsO*. Mff,AsO*.

''hese salts are rendered anhydrous by heat; so that, for example,

vIH*,AsO* becomes M,AsO^ -f- HHO ;
but the monobasic salt recovers

t3 water if redissolved. The monobasic and bibasic salts are not ob-

able in crystals free from water.

The Solutions of Arseniates give the fdllowiny Precipitates :
—

:.-Red . Cobalt salts.

wn-Red . Silver.

Hx . . Nickel.

knish-Blue Copper.
Mercuric salts.

Sulphuretted hydrogen.

White

The earths.

Manganese.
Iron.

Lead.

Zinc.

Tin.

2u2
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Detection of Arseniates. See page 94.
Sulphides of Arsenic.—(a) Red Sulphide, or ReoJgar = AsS^

Prepared by melting sulphur with half its weight of white arsenic. A
yellowish-red, transparent, glassy mass, with glancing shelly fracture.

Very fusible and volatile.—(6) Yellow Sulphide of Arsenic, or Orpiment
= AscS. Prepared by precipitating arsenic from an acidulated solution

of arsenious acid, by means of a current of sulphuretted hydrogen gas.
A yellow powder, fusible, and volatile.—(c) Pentasulphide of Arsenic

= AsS* -f- S. Prepared by passing a current of sulphuretted hydrogen

gas into an acidified solution of arsenic acid. A pale-yellow precipitate,

very slowly produced. The precipitation of arsenic by sulphui'etted

hydrogen is most effectual at a boiling heat.

Constitution of Double Salts containing Sulphides of Arsenic.—The

sul[)hides of arsenic combine with metallic sulphides, and produce a

great variety of double sulphur salts, not only in the laboratory of the

chemist, but in that of nature
;

for many metallic ores belong to this

class of compounds. I shall not enter here into details on one of tk
most complex parts of chemical mineralogy, but simply offer a sugges-
tion as to the constitution of these salts

; which suggestion is founded or

the idea that I have thrown out at page 625 respecting the probablt

existence of compound sulphur radicals of two particular sorts, corre

sponding in constitution to amidogen and ammonium. To illustrate

these views I will refer to the compound sulphides of arsenic anc

potassium :
—

1 . Orpiment is AscS, and its compounds are—
KS + AscS. 2KS + 3ASCS. KS + 3ASCS.

2. Realgar is K&'&*. It forms these compounds :
—

KS + AsS*. 2KS + AsS*. 3KS + AsS«.

3 . Pentasulphide I regard as AsS^+ S . Its compounds are as follow:-

KS + AsS*,S. 2KS + AsSSS. 3KS + AsS^S.

Arseniuretted Hydrogen.— Formula, HAsc
; Equivalent, 26

Specific gravity of gas, 39; Atomic measure, \ vohxme. A colourles

gas, possessing the odour of garlic. Exceedingly poisonous. It '

even dangerous to smell it. It is produced by putting zinc and hydr
chloric acid into a solution containing arsenious acid, or any arseniu

The nascent hydrogen combines with the arsenic, and produces gaseou
^

arseniuretted hydrogen. This gas is decomposed when burnt at a je<

or when passed through a red-hot tube, in both cases depositing metsdli

arsenic.

If the formula of this gas is tripled, and we write it AsH,*H, like a

ammonia, then its atomic measure becomes 2 volumes, also like that c

an ammonia.

y
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Detection of Arsenic.

1 . Detection of Arsenic in Sulphunc Acid.—When oil of vitriol is

made from sulphur, distilled from iron pyrites, it frequently contains

arsenic. That result is to be lamented, because it is impossible to say
where the sulphuric acid may spread the poison. It goes, for example,
into superphosphate of lime

;
thence into turnips grown with that

manure
;
and thence, as food, into animals or human beings. From

sulphuric acid it goes into hydrochloric acid, and possibly into all acids

and salts in the manufacture of which sulphuric acid is an agent. It is

consequently important to check this evil by frequent examination of

the acid delivered in commerce, in order that the arsenical acid may be

thrown back upon any manufacturer who is too careless of the public

safety.

Process A). Boil the oil of vitriol with a little sugar. Dilute it with

water. Pass into it a current of sulphuretted hydrogen gas, which, if

arsenic is present, gives a yellow precipitate. If the quantity of arsenic

is small, it is best detected in boiling acid.

Process B). Dilute the oil of vitriol with water, and saturate it with

carbonate of potash. Sulphate of potash will precipitate. Separate it

by filtration, and wash it with a little water. Concentrate the filtered

solution by evaporation : acidify it by pure hydrochloric acid, boil it,

and test with sulphuretted hydrogen gas.

2. Detection of Arsenic in Hydrochloric Acid.—Dilute the strong

hydrochloric acid with twice its bulk of water. Boil the diluted acid,

and while it boils pass sulphuretted hydrogen gas into it. If arsenic is

present, a yellow precipitate is produced. But the yellow precipitate

should be examined, to see that it is not sulphur only. See experi-
ment 8.

3. Detection of Arsenic in Phosphoric Acid {in which it will exist as

Arsenic Acid).
—Boil the acid liquid with a little hyposulphite of soda,

until it ceases to smell of sulphurous acid. Then test with the aqueous
solution of sulphide of hydrogen.

4 Precautions.—When small quantities of arsenic are to be detected,

the HS gas should be passed into the solution continuously for at least

six hours. The solution should be acid, never neutral or alcaline. If

aqueous sulphide of hydrogen is mixed with the liquor to be tested,

the mixture should be in a stoppered bottle, and set aside for some

time in a w^arm place. The yellow precipitate should be carefully

collected on a filter, and washed. The funnel is then to be put over a

watch glass, and the precipitate to be dissolved by a few drops of

ammonia. The watch glass is to be heated over a water bath, till the

sulphide of arsenic is again left dry. It is then to be reduced to metallic

arsenic by the processes described in Nos. 8 and 9 below^.

5. Detection of Arsenious Acid in Neutral Solutions.—a). By am-
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monia-nitrate of silver. This test giv^es a yellow precipitate, which is

soluble both m nitric acid and ammonia, h). Bj ammonia-snlphate of

copper. This t^t gives a green precipitate, which is soluble in ammonia
and in acids. To prepare the test a), add a slight excess of ammonia
to a solution of nitrate of silver, but not enough to dissolve all the pre-

cipitated oxide of silver. The clear liquor is to be decanted for use.

To prepare the test h), add ammonia to a solution of sulphate of copper
with similar precautions.

6. Reduction of Arsenious Acid.—Put a minute quantity of arsenions

acid at the point, a, of a test tube ;
and at b c, put a long narrow

494.

splinter of charcoal, previously dried by ignition in a closed tube. Hea
the tube with a spirit-lamp from 6 to c, and when the charcoal is red

hot, bring the point, a, into the flame. The vaporised arsenious acid is

reduced by the charcoal, and metallic arsenic is deposited at d,

". Arsenious acid, or any compound containing arsenic, mixed with

dry carbonate of soda, and heated on a reducing pastile in the mnei

blowpipe flame, produces the garlic odour of arsenic. This test is very

delicate.

8. Extraction of Metallic Arsenic from the Sulphide.
—The sulphide

is put at the point, 6, of a sublimmg tube, and above it a quantity of

dry and recently-charred tartrate of lime. A strong spirit-lamp heat i?

1
495.

applied to the latter, and when it is red hot the point of the tube is

brought into the flame, upon which the sulphide is decomposed, and

metallic arsenic is deposited at a.

9. One part of the sulphide is mixed with three parts of cyanide oi

potassium and nine parts of drv carbonate of soda. The mixture is pat
into a narrow tube of hard glass, which is placed horizontally, and con-

nected with a gas bottle, from which a slow current of dry carbonic

acid gas is passed through the tube. Heat is then applied to the tuV

below the mixture, whereupon metallic arsenic sublimes and condense

upon the cold part of the tube.

10. Reduction of Arsenite and Arseniate of Lime.—Mix the driec

arsenite or arseniate with three times its bulk of recently-cnarred oxalate
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of lime, and a little boracic acid. Put the mixture into a small bulb a,

without soiling the tube, and heat the mixture gradually to ignition.

496.

The metallic arsenic is deposited at b. The tube must be held aslant,

that the water disengaged from the arsenite may not run down to the

red-hot bulb and break it. The subliming tubes used in the analysis of

arsenical substances must be made of infusible Bohemian glass, free

tz O
497. 498.

from lead. Most of the reducing experiments can be made satisfactorily

in tubes no larger than the above figures, 497,498. The following
is Berzelius's form of subliming tube.

499.

Search for Arsenic m Mixtures of Vegetable and Animal
Substances.

Boil the liquor, filter it, and use separate portions for each of the

R
following experiments.

• II. Reinsch's Test.—Make the suspected arsenical solution acid by
the addition of hydrochloric acid, and boil it with some slips of bright,

clean, pure copper in foil. If any arsenic is present, it will be reduced

upon the copper foil. Take out the copper, wash it, dry it, fold it up,

put it into a long narrow tube of hard Bohemian glass of the diameter

of
fig. 496, and open at both ends ;

hold the tube in an inclined position

over a spirit-lamp, and heat the copper to redness. The arsenic on the

copper will be oxidised by the air which passes up the heated inclined

tu.be, and the arsenious acid produced by the oxidation will be deposited

on the cold part of the tube in transparent octahedral crystals.
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500, 501.

12. Marsh''s Test.—The apparatus consists of a bent glass tube,
either with or without bulbs. It is supported in a vertical position,
and provided with a stopcock and fine brass

^

jet, as represented by fig. 50c. A bit of

pure zinc is put into the short branch, and

below it a piece of glass rod, to prevent the

zinc from slipping into the bent part of the

tube. Pure hydrochloric acid, not stronger
than 10°, is put into the apparatus till it

rises half way up the short branch. Hy-
drogen gas is immediately produced, which
fills the short branch, and can be made to

sweep the atmospheric air out of the ap-

paratus. If a solution of arsenic is then

poured into the long branch, the gas next produced will be arseni-

uretted hydrogen.
—

a). If the jet is partially opened, the gas inflamed,

and a bit of white porcelain held in the flame, a black mirror of metallic

arsenic is deposited on the porcelain.
—

h). If the gas is burnt in th(

manner described at
fig. 209, page 213, an aqueous solution of arsenioui^

acid will be collected in the receiver at e, and solid arsenious acid wil

be deposited in the bent tube, c.

13. Clark's Test.—Liquors containing organic matters may be sub

jected to Marsh's Test, and the presence of such matters does not hindei

the separation of the arsenic
;
but they occasion an excessive frothing

which often spoils the experiment. It is prudent, therefore, to separat<

arsenic from organic matters before subjecting it to special tests.

The following apparatus for such a separation of arsenic from organi*

matters has been recommended by Professor Clark. A is a sul

phuretted hydrogen bottle, page 615; b a block of wood by which th

cork, the funnel, and the bent tube, «, are fixed together. The V-tul-

B, contains a solution of causti

potash, C a solution of acetat

of lead, and D a solution c

nitrate of silver. Pure hydrc

gen gas is prepared by th

apparatus, and when it

found that the hydrogen g;

passes through B, C, and I

without action, the arsenic;

liquor is poured into the gas bottle by the funnel. The great capacit

of the bottle permits considerable frothing without damage. Th

arseniuretted hydrogen passes through the V-tubes. In B it deposits su

phuretted hydrogen and some other impurities. In C it produces
n

action, if the w^ashing in A is sufficient. In D it throws down metalli

silver, and the arsenic is retained in solution. When the current c

502.
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gas ceases, the liquor in D is mixed with hydrochloric acid to throw

down the excess of silver, and the liquor is filtered and evaporated to

dryness. This produces pure arsenic acid, which can be converted into

an' arseniate, or otherwise subjected to its appropriate tests.

14. Remove the V-tubes from the apparatus last described, and

attach to the bent tube, a, a long tube of hard Bohemian glass, of one-

fifth inch diameter ;
make the middle of this tube red hot by a spirit-

lamp, and pass the arseniuretted hydrogen through it. The gas will be

decomposed by the red-hot glass, and metallic arsenic will be deposited

a little beyond the flame.

15. MegnauWs Modification of Marsh's Test.—A, fig. 503, is the

flask in which the gas is prepared for examination. It ought to be

rather large to permit of the expansion of the materials. The tube

m, n, is for the introduction of the liquor that is to be tested. The

bulb b, in the tube a b, is to receive the greater part of the liquor that is

carried up by the gas» The tube c, d, filled with asbestus, is also

intended to arrest any liquor that may be carried over. Finally, the

tube d, /, g, twelve or sixteen inches long, formed of very hard glass,

c

and drawn out to a jet at the end, g^ completes the apparatus. Pure

hydrogen gas is circulated through this apparatus from the bottle A, to

expel atmospheric air. A portion of the horizontal tube, about four

inches in length, is now heated by a charcoal fire, or by any correspond-

ing means. That part of the tube marked/, ^ is to be preserved from

the heat by the interposition of the screen e. The hydrogen gas is

then lighted at g. The action of the pure hydrogen gas is thus con-

tinued for some time to ascertain that no deposit is formed in the tube

between/and g. At the same time, a bit of white porcelain, such as

a broken capsule, or the cover of a crucible, is held against the flame at

g, to ascertain if any metallic arsenic is deposited there. The results

being negative, the suspected liquor is poured into the bottle by the

funnel, and as much acid is added to the zinc as sustains a constant

current of gas. The flame at g ought never to be above a quarter of an

inch long, or the operation is going on too fast. If arsenic is present,
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most of it is deposited at/, near to the screen, but enough escapes in

the current to give spots of arsenic on porcelain plates c, held at g.
These spots serve afterwards to trj the action of different reagents.

1 6. Caution.—Antimony, as well as arsenic, gives metallic spots
with Marsh's test. The spots of arsenic dissolve in a dilute solution of

chloride of lime ; those of antimony do not If sulphide of ammonium,
in which a little sulphur is dissolved, is added to an antimony spot.
the metal dissolves, and the solution on evaporation leaves an orange-
coloured residue. The arsenical spots are scarcely at all acted on by
that test.

17. Parallel Trials.—Every experiment made with a liquor suspected
to contain arsenic should be checked by a comparative experiment made
without that liquor, but with the same apparatus, the same kind of

zinc, water, and acid, and in precisely the same routine, in order to

prove that the results supposed to be such as to indicate the presence of

arsenic in the suspected liquor, are not results proper to attribute to

defects in the operation, to impurities in the chemical reagents, or to

arsenical residues in the apparatus employed for the analysis.

ANTIMONY.

12. The Stebous Radical = Sb. Equivalent^ 120.

13. The Stibic Radical = Sbc. Equivalent^ 40.

The specijic gravity of antimony as gas is unknown. In salts, it has

an atomic measure of -^ wlume, and it condenses all radicals with which

it combines from i volume to ^ volume. See pages 13S and 142.

Anteviony is a metal of silver-white colour, with a strong metallic

lustre and a leafy structure. Its sp. gr. is 6*7. It is brittle and easy

to powder. When heated to 840"^ F., it fuses. If excluded from air

during the operation, it volatilises only in a very slight degree; if

ignited in the open air, it remains red-hot for some time after removal

from the fire, and produces a thick, white smoke of oxide of antimony,
which gradually forms a mass of shining crv'stals 00 the face of the

residual antimony. If a nK>rsel of antimony is ignited on charcoal

before the blowpipe, the fused metallic bead exhibits a net-work consist-

ing of crystallised oxide of antimony. If the beat is sustained, the

antimony volatilises completely in the state of oxide. If the hot bead

of antimony is thrown from the charcoal to the floor, it parts suddenly

into numerous smoking fragments. If a quantity of antimony is melted

in a crucible, and poured upon the ground or upon a stool, from a height

of three or four feet, it forms a multitude of smoking globules, which

rush upwards like an explosion from a volcano.

Hot nitric acid converts antimony into an insoluble oxide of antimony.

Hydrochloric acid does not dissolve antimony. Aqua regia dissolves
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antimony completely ;
the resulting solution gives a white precipitate

upon being mingled with water. Chlorine gas passed over warm anti-

mony produces liquid chloride of antimony. A variety of useful alloys
have antimony for one of their constituents ; the metal for printers'

types, that on which music is engraved, and pewter, belong to this class.

Antimonial preparations serve also as paints and as medicines.

Antimony is procured from the mineral called sulphide of antimony.
The crude antimony of commerce is merely that mineral separated by
fusion from the greater part of its earthy- impurities.

A. Antimonious Salts.

1. Antimonious anhydride, Sb,SbO*, commonly called antimonic acid.

2. Hydrated antimonic acid = HSbO^.

3. Neutral antimoniate of potash = KSbO*.

Multiple Salts of Antimonic Acid. Examples :
—

4. 5. 6.

jH,SbO^) fKSbO^l JK,SbO^ 1

\H«,Sb(y| ^KSbO^ } |KH*,Sb0^f
tSbSbO'J

7. Pentasulphide of antimony = SbS* -f- S.

8. Pentachloride of antimony = SbCP-}- CI.

9. Schhppe's salt = 3NaS + SbS^S + Aq^
All the above salts contain the stibous or antimonious radical,

Sb = 120, though their usual names imply the contrary.

B. Antimonic Salts.

10. Teroxide of antimony = Sbc,SbcO.
1 1 . Antimoniuretted hydrogen = HSbc.
12. Tersulphide of antimony = SbcS.

'

(Antimony ore.)

13. Terchloride of antimony = SbcCl.

14. Powder of algaroth
= SbcClO.

15. Tartrate of antimony = Sbc^C*H'0*.
16. Tartar emetic = K,C^WO^ + Sbc',e'H^O*.

17. Antimonious acid = Sbc^,SbO*,

In these salts, Sbc signifies the stibic or antimonic radical, the

equivalent of which is =
40.

Constitution of the Salts of Antimony.
—These salts present no form

' combination which is peculiar to antimony or different from those

vhich have been frequently investigated and explained in the preceding

pages. No. i is evidently the anhydride of the hydrated acid No. 2, of

which No. 3 is the normal or monobasic salt. But antimony is

endowed with the power of making a multitude of complex salts.

Thus the antimoniates produce tribasic salts by combining with salts

on the model of water. HSbO' + HHO produces H^SbO^ and this
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combines with the normal salt to produce the compound salts No. 4 and
No. 6, equal to H*,Sb^O^ In No. 5, we have a salt similar to the

dried bisulphates (see page 596), in which half the acid radicals are

neutralised with basic radicals, and half remain in the condition of

anhydride. No. 7 is a salt of one of these ammonium-like radicals

which I have referred to at page 623, and No. 9 is a quadruple salt,

containing the salt No. 7. No. 8 is a chloride, in which we see another

variety of these compound ammonium-like radicals.

The salts Nos. i o to 17 ai'e so fully explained by their formulae, that

it seems needless to say anything about them. All these formulae are,

however, so different from those in common use, that I regret that the

narrowness of my space does not allow me to enter upon a justificatioE

of the proposed alterations. I must limit this article to a few notes

descriptive of the most important of the above salts.

Teroocide of Antimony. Sbc,SbcO. Also called protoxide

antimony.
—

Prepared by igniting antimony in the open air, or b}

boiling it in a mixture of nitric acid and diluted sulphuric acid. It i:

white, turns yellow when heated, fuses, and, on coohng, forms a grayisl

crystalline mass. It sublimes in crystals when heated in close vessels

is easily reduced when ignited with charcoal.

Detection of Oxide of Antimony in Salts.—Page 89.
Native Sulphide of Antimony. SbcS.—Obtained as a mineral

Lead-gray, compact, fibrous, sometimes found in prisms. Fuses ii

close vessels without change. The antimony of commerce is extracte<

from this ore. Dissolves in boiling hydrochloric acid, under disengage
ment of sulphuretted hydrogen gas. It is therefore sometimes employei
in the preparation of sulphuretted hydrogen gas. An equivalen

sulphide of antimony can be prepared by melting antimony wit

sulphur. The sulphide of antimony obtained by precipitation has a

orange colour.

Chloride of Antimony; Butter of Antimony
- SbcCl.—A soft solit

easily liquified by heat, and giving crystals on cooling. Produced b

throwing powdered antimony into a jar of chlorine gas, an operatic

attended by combustion. Also produced by distilling a mixture <

eight parts of corrosive sublimate with three parts of metaUic antimon

both in fine powder. The butter of antimony distils over. It is use

for bronzing gun-barrels.
Tartar Emetic K^C'ffO? -f Sbc^C^H^O^—A double tartrate

potash and antimony ;
an important salt in medicine. It is prepare

thus :
—three parts of oxide of antimony and four parts of cream <

tartar are made into a thin paste with water, digested for some hour

and then boiled with six or eight times their weight of water. Tl

solution is filtered while hot, and the salts crystallise as it cools,

forms very fine crystals, which are soluble in fifteen parts of cold wate

Their solution is acid. It is a powerful emetic and cathartic poison.
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14. CHLORINE.

Symbol, CI ; Equivalent, 35*5; Specific gravity of gas, 35*5; Atomic
measure when isolated, i volume; Atomic measure token acting as a
radical in salts, i volume

; Condensing action on the atomic measure of
other radicals, o.

Occurrence.—See page 1 1 .

Properties.
—Chlorine forms a transparent gas of a yellowish-green

colour. Its sp. gr. is 35*5, so that it is nearly three times as heavy as

atmospheric air. It is reducible by a pressure of about four atmo-

spheres at 60^ F. to the state of a dark-yellow oily liquid, of sp. gr.

1*33, against water at i 'oo. Chlorine gas has a sufibcating odour, and
if respired pure, it produces immediate death. It is not combustible,
but it is capable of supporting the combustion of a variety of substances ;

many even inflame in it spontaneously. With a small quantity of

water, it forms yellow crystals; with a large quantity, it produces a

pale-yellow solution commonly called liquid chlorine : this solution has a

choking odour like the gas, and possesses the property of bleaching all

vegetable colours, which property is also possessed by the gas when
mixed with vapour of water, but not otherwise. The solution does not

absorb a very large quantity of chlorine, nor does it remain long without

undergoing decomposition. Chlorine destroys the noxious fetid effluvia

that are produced by the corruption of vegetable and animal bodies. It

also destroys the miasma that occasion particular diseases. Hence its

use in checking the spread of fever, cholera, &c.

As chlorine forms three-fifths of the weight of rock salt and sea salt,

it exists in nature in enormous quantities.
Chlorine combines with oxygen in different proportions. With

oxygen and hydrogen, it forms chloric acid
; with oxygen and metals, it

forms the salts termed chlorates ; with hydrogen, it forms hydrochloric
acid

; with the metals, it forms the important compounds or salts

termed chlorides, an example of which is afforded by common salt,

a compound of chlorine and sodium ;
with sulphur, nitrogen, carbon, and

other elements, it produces a great variety of chlorides and more com-

plex compounds.
Hydrochloric acid is a true chloride, differing from the chlorides of

metals only in having an equivalent of hydrogen instead of an equivalent
of a metal. Muriate of ammonia is also a true chloride, containing

hydrogen and nitrogen jointly in place of a metal. Chemists also call

this salt chloride of ammonium, and suppose the hydrogen and nitrogen
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504.

to form a metal which they call ammonium. See page 313. This

supposed metal has never, however, been obtained in a separate state.

1 . Preparation of Chlorine Gas.—Put into a glass flask or gas-
bottle two or three ounces of concentrated hydro-
chloric acid, and add an ounce of coarsely

pulverised peroxide of manganese, previouslv
warmed to make it pour easily through a dry
funnel. Shake the flask as the powder is poured
in, to make it mix well with the liquid. Fit a

gas-tube to the neck of the flask, and expose the

mixture to a gentle and regular heat, applied by
means of a sand-bath or lamp. The gas is dis-

engaged pretty rapidly, when acid of the above

strength is employed. By diluting the acid with

water, the current of gas is made to pass off

slower. On the contrary, when sulphuric acid is

added to the mixture, it strengthens the hydrochloric acid, and renders

the disengagement of gas more rapid. The manganese should always
be in excess.

Theory :—
Peroxide of manganese MnO
Hydrochloric acid, jHCl

2 atoms. JHCl

One atom of manganese takes one atom of chlorine to produce
chloride of manganese ; and in the state of peroxide of manganese it is

combined with one atom of oxygen. This quantity of oxygen require?

two atoms of hydrogen to convert it into water. Hence two equivalent
of hydrochloric acid are necessary. Of the chlorine belonging to thi.

quantity of acid, the half is required for combination with the manga-

nese, and the other half is set free. What remains in the retort is r

solution of chloride of manganese containing the impurities of the ore

manganese, which produce chloride of iron and chloride of calcium

mixed with sand, heavy spar, and other substances. If the manganese
contains much carbonate of lime, it should be first washed with dilutei

hydrochloric acid of 5°, otherwise it eifervesces in the gas-bottle, ain

gives off carbonic acid with the chlorine, which is inconvenient.

2. Mohr's Process for Chlorine Gas.—The apparatus is representee

by fig. 505. The flask is filled up to the mark 5, with small lump
the size of peas, and not with powder, of peroxide of manganese

Fuming commercial hydrochloric acid is poured into the bottle, no

higher than the mark a. Chlorine gas is immediately given off, anc

when the current slackens, a gentle heat is to be applied to the flask

The chlorine gas thus produced is free from hydrochloric acid, in con

sequence of its having to pass through so large a quantity of maii

[
MnCl Chloride of manganese.

{HHO Water.

CI Chlorine.
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ganese.
No more acid need be added than is demanded for the desired

quantity of gas. When the operation is ended, the stopper and tubSs
are taken out, and, after being washed, are

hung up out of the way. The flask is

inverted, and the acid run out, but the

manganese is suffered to remain, ready for

the next operation, being, however, each

time filled up to the stopper with fresh

lumps of manganese, of the size of peas.
In this manner the greatest economy of

materials is insured, and the apparatus is

always ready to supply the gas when re-

quired.
As chlorine gas readily corrodes corks,

it is preferable to fit up bottles for pre-

paring it with the caoutchouc caps that

have been described at page 179, for these

are not destroyed by chlorine. When
corks are used, they should never be left

tightly fitted into gas-bottles, because they lose their elasticity.

3. The following apparatus for the preparation of chlorine is copied
from Professor Mitscherlich's Lehrbwh der Chemie. It requires no

special description. The trough is of glass, bound with brass.

506.

Chlorine gas is absorbable by about half its volume of cold water
under strong agitation ; but if collected quietly over cold water, not

much of it is absorbed. If the water is made warm, other and greater
inconveniences arise. The gas, therefore, must be received in bottles

filled with, and inverted in, cold water. They must have wide necks.
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and be provided with accurately-ground and well-greased stoppers,
which must be introduced under water while the bottles remain full of

gas, and no water must be left in the bottle with the gas. See
fig.

507. If the gas is collected warm, over warm water, the

stoppers of these bottles often become fixed beyond re-

moval. A solution of common salt absorbs chlorine gas
less freely than pure water does. Chlorine gas cannot be

collected over mercmy, because it combines with that

metal at the ordinary temperature of the air
; but as it is

more than twice as heavy as common air, it may be

collected in dry vessels by the method of displacement,
described at page 593. The peculiar colour of this gas
enables one to see when the bottles are full.

In experiments with chlorine, great care should be taken

that it does not escape in any considerable quantity into

the apartment, as its action on the lungs is extremely injurious. Hence
the first portions of gas which come over from the gas-bottle, and

which are contaminated with the atmospheric air of the apparatus (see

page 1 80), are not to be suffered to escape into the apartment, but are

to be collected in a large jar, and that jar is to be removed in a water-

tray (see fig. 119, page 168) into the open air, where the gas is to be

washed out of the jar with water, the operator taking care not to inhale

the chlorine. In bottling chlorine, no water must be left in the bottle,

because the action of light in the presence of water converts chlorine

into hydrochloric acid gas, CI + CI -f HHO = HCl + HCl + 0, and

as the water condenses that acid gas completely, a vacuum is produced
in the bottle, and the stopper becomes fixed immovably by the pressure

of the atmosphere.

4. Preparation of Dry Chlorine Gas.—As chlorine gas is saturated

508.
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with moisture, when it issues from the gas-bottle, it may, when required

dry, be prepared with the apparatus shown by fig. 508 :
—The gas is

produced in the flask a, it deposits a portion of its water in the receiver

bj and is deprived of tlie remainder by lumps of fused chloride of

calcium contained in the tube c. Instead of the straight tube c, such

tubes as I have described at page 198 may be used for this purpose.

5. Liquid Chlorine^ or Solution of Chlorine.—Pass a slow current of

chlorine gas into cold water till it ceases to be absorbed. One measure

of water absorbs about two measures of the gas at mean temperature.
The water must be previously boiled to free it from air. The best

process for effecting the saturation of water with chlorine, or indeed

with any gas, is the shaking process, recommended by Dr. Mohr, and

which I have described under the head of *' solution of sulphide of

hydrogen," process 2, page 619. The gas is passed nito bottles partly

filled with water, and these bottles are alternately well shaken until the

water is fully saturated. While the bottles are receiving the gas, they

may be placed in cold water, to keep down the temperature. The

saturated solution of chlorine should be kept in small opaque bottles,

quite filled, and closely stopped. Stoneware or black glass bottles

may be used. The solution decomposes when exposed to light. In

bright sunshine it disengages oxygen gas, and is converted into hydro-
chloric acid :

—
CI 4- CI + HHO = HCl + HCl + O.

6. Preparation of Chlorine Gas, from Peroxide of Manganese, Chloride

of Sodium, and Oil of Vitriol.—If peroxide of manganese is heated with

a mixture of common salt and oil of vitriol diluted with a little water,

the manganese being in excess, and the other materials in proportions

equivalent to each other, chlorine is disengaged. This process is not so

convenient, in the small way, as that performed with MnO and HCl
;

but I notice it in order to explain the theory of the reactions, which, on

the Radical Theory, is very simple :
—

[MnSO* Sulphate of manganese.

|NaSO' Sulphate of soda.

I

HHO Water.
CI Chlorine.

Peroxide of manganese MnO
Chloride of sodium NaCl

Oil of vitriol, 2 atoms
{jjgQa

7. Hydrate of Chlorine = CI + 5HHO.—The saturated solution of

chlorine, cooled below 32° F., deposits this compound in crystals. If

a bent glass tube, fig. 509, is

nearly filled with these crys-

tals, and then closed hermeti-

cally, and heated to 100^ F.,

the crystals melt and form two

liquids; the under one is an-
2x

509.
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hydrous liquid chlorine, the upper one is aqueous solution of chlorine,
and above all is highly compressed chlorine gas. If the tube is then

cooled below 32° F., the hydrate of chlorine is again formed.

Experiments with Chlokine Gas.

Particular care must he taken not to breathe the chlorine gas, nor the

vapours produced in tlie experiments, such as chloride of arsenic, Sfc. It

would he highly dangerous to make these experiments in a small unventi-

lated apartment. The gas is destructive to valuable furniture, coloured

hangings, polished metals, ^c.

When the air of a room is tainted with chlorine, it can be a little im-

proved by waving in it a cloth sprinkled with alcohol and ammonia.

All the experiments in which metals are to be combined with chlorine

by spontaneous combustion, succeed best when the gas is dried by
chloride of calcium, and collected by displacement in glass bottles pro-
vided with stoppers. Bottles of the capacity of one or two quarts are

suitable.

1 . Plunge a lighted taper into a jar of chlorine gas ;
it begins to burn

with a dull red flame, and a copious emission of dense fumes ;
but the

flame is soon extinguished. See fig. 140, page 181.

2. A slip of paper moistened with very concentrated liquid ammonia,
inflames spontaneously in chlorine gas.

3.
If a folded slip of filtering paper, moistened with spirits of turpen-

tine, be immersed in a jar of chlorine gas, it inflames immediately, with

evolution of much smoke.

4. Introduce a grain of phosphorus, well dried on bibulous paper,

divided into small pieces, and suspended in the iron spoon, fig. 142.

page 182, into a bottle of chlorine gas. It immediately inflames spon-

taneously, and burns with a pale-green flame, producing chloride oj

phosphorus.

5.
Into a small quantity of chlorine water contained in a porcelair

capsule, put a piece of sodium. It burns, and dissolves as it does upor
water ;

and if the metal is enough in quantity to act upon all th(

chlorine, the liquid produced will be a solution of chloride of sodium

or common salt.

6. Camphor, caoutchouc, ether, &c., inflamed and put into chlorin

gas, continue to burn therein.

7. A jet of chlorine gas burns in an atmosphere of hydrogen gas, 0:

coal gas.
8. A bit of potassium passed up into chlorine gas contained in a ja

over water, burns with flame.

9. Melt a little sulphur in the deflagrating spoon, and put it whil*

liquid into a bottle of chlorine gas. It will immediately take fire, anyt

burn rapidly.
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10. Heat a little mercury in a deflagrating spoon, and introduce it

while hot into a bottle of chlorine gas. It immediately takes fire, and
burns with a reddish flame, producing chloride of mercury.

1 1 . If mercury is boiled in a small retort, the neck of which is passed
into a vessel containing chlorine gas, the vapour of mercur}% issuing
from the retort, will burn in the atmosphere of chlorine. The vapour
may be kindled by applying a bit of phosphorus on a wire.

12. Throw powdered antimony into a long tube filled with chlorine

gas, and held mouth upwards. It w^ill produce a shower of burning
stars of a yellow light.

13. Powdered metallic arsenic, employed in like manner, exhibits

white stars.

14. Copper leaf introduced into chlorine gas inflames immediately.
Dutch gold burns in the same manner.

15. The preceding experiment may be performed in a more striking
manner by the aid of the apparatus represented by fig. 196, page 204.
The globe h is to be loosely filled with thin copper foil. It is then to

be exhausted of air and screwed to the jar a. The latter is filled with

chlorine, and placed on the shelf of the water trough. Whenever the

stopcocks are opened, the chlorine rushes into the globe 6, and the

copper takes fire.

16. A leaf of pure gold put into chk)rine water dissolves, although it

will not dissolve in hydrochloric acid.

17. Many different metals, in the state of spiral-formed wires, page
187, can be burnt in dry chlorine gas, if the bottom of the spiral is

loosely enveloped in a leaf of Dutch gold, for the purpose of commencing
the combustion.

18. Partly fill a jar with sulphuretted hydrogen gas over water ; pass
a little chlorine gas into it. Sulphur will be deposited, and the water

will rise in the jar, muriatic acid being formed. HS -f- 01 = HCl -f- S.

19. If equal volumes of chlorine gas and hydrogen gas are mixed and

kindled by flame, an explosion is produced. The product is muriatic

acid. See page 206.

20. Equal volumes of chlorine gas and hydrogen gas mixed in a

clear colourless bottle, and exposed to bright sunshine, combine, with

violent explosion, producing muriatic acid. The action is so rapid, that

if the bottle is suddenly thrown up into the air, the explosion occurs

before the bottle falls to the ground. Consequently, it is necessary to

be careful how you mix these gases in a light laboratory. All danger
is avoided in the following experiment :

—
21. Into a japanned cylinder of plate iron, of the capacity of twelve

cubic inches, put equal measures of hydrogen gas and chlorine gas.
When the cylinder is full of gas, set it, mouth upwards, upon a table,

keeping the mouth closed by the palm of the left hand. Take in the

right hand a bent copper wire, having the lower end loosely covered

2x2
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w^.th a leaf of Dutch gold. Remove your left hand, and dip the Dutch

gold into the mixed gases. A loud, but not dangerous, explosion takes

place immediately.
2 2. Mix one volume of olefiant gas with two volumes of chlorine gas,

and inflame the mixture. It burns quickly, with a lurid flame, pro-

ducing muriatic acid and a deposition of charcoal.

23. In a similar mixture, contained in a long and wide glass cylinder,

dip a copper wire loosely enveloped with Dutch gold, as in experiment
21. A very beautiful spontaneous combustion occurs, and vapours of

muriatic acid, mixed with charcoal, produce thick black clouds, that

settle on the sides of the vessel.

24. If a piece of charcoal is put into a cage of copper wire, and is set

on fire by a blowpipe, and immersed into chlorine gas, the charcoal

ceases to burn, but the copper wire takes fire
; showing the strong ten-

dency of the chlorine to combine witli the metal, and its indifierence

towards carbon.

25. Illustrations of the Art of Bleaching.
—Add a few drops of water

to a quantity of chlorine gas contained in a bottle, and suspend some

coloured flowers in the midst of the moistened gas. In a short time,

the flowers will be deprived of their colours. This bleaching property
is not possessed by dry chlorine gas. In all probability, the effect pro-

duced in this experiment is owing to the formation of peroxide of hy-

drogen. See page 249.
26. Put into a phial of liquid chlorine, strips of linen or cotton cloth,

dyed of different colours. The colours will be quickly discharged.

27. A solution of chlorine discharges the blue colour of the solution

of sulphate of indigo.

28. Litmus paper is bleached by solution of chlorine.

29. Writing done on paper with common ink is eflraced when tie

paper is held in moistened chlorine gas.

30. Bleaching Power of Chloride of Lime.—Make a clear solution of

chloride of lime, or bleaching powder, and immerse a strip of pink-
coloured paper in it. The paper will come out white. Linen cloth

stained by fruit or wine is purified from the stains by the same

solution.

31. Bleaching Liquor.
—Into a bottle of chlorine gas pour a little

milk of lime and shake it. The green gas disappears, becoming ab-

sorbed by the Hme, w^hich is then in the condition of a bleaching liquor.

If an acid is added to a little of this liquor, the chlorine is disengaged.

32. Extemporaneous Formation of a Bleaching Liquid.
—Add a few

grains of chlorate of potash to a few septems of muriatic or sulphuric

acid diluted with half a test glassful of water. The liquid thus formed

will possess the bleaching property of that described in the preceding

paragraph. This experiment must not be made with large quantities

of materials, because an explosion might occur.



HYDROCHLORIC ACID. 669

33. Test for Chlorine.—Put a little chlorine water into a test glass,
and add a few drops of a solution of nitrate of silver. A white

curdy precipitate is formed, which is chloride of silver. This

precipitate is soluble in ammonia, but not in nitric acid. It

turns black on exposure to light. See pages 91 and 92.

34. Oxidising Action of Chlorine.—See page 155 for ex-

periment and theory.
510.

Hydrochloric Acid.

Formula, HCl; Equivalent, 3^*5; Specific gravity of gas, 18*25;
Atomic measure, 2 volumes.

Synonyraes, Muriatic Acid, Chlorhydric Acid, Spirit of Salt ; Sys-
tematic name, Hydra chlora.

Properties.
—A colourless gas, sp. gr., 18*25; atomic volume, 2.

Fumes in moist air; tastes sour and corrosive; has a pungent and

peculiar odour ; extinguishes flame
;

is destructive of animal life; red-

dens litmus; is incombustible; capable of reduction to the liquid state

by cold and pressure ; absorbed in large quantity by water, i. e., one

volume of water will absorb nearly 500 volumes of muriatic acid gas,

producing a liquid acid of the specific gravity of about i*2. This

solution, when pure, is colourless, but owing to impurities, the muriatic

acid of commerce has usually a straw colour. The usual impurities are

iron, chlorine, nitrous gas, organic matters, sulphuric acid, sulphurous

acid, and arsenic acid. Hydrochloric acid is always procured from

common salt, and hence has been called spirit of salt. It is an acid that

is much used in the arts and chemical laboratories, because of its great
solvent power and of the solubility in water of many of its important
salts.

Preparation of Hydrochloric Acid Gas.—The source of hydrochloric

acid, or, strictly speaking, the source of its chlorine, is common kitchen

salt (sea salt, rock salt, chloride of sodium). This substance, NaCl,
contains 23 parts of sodium to 35*5 parts of chlorine. It is easily

decomposed by oil of vitriol, and the products of the decomposition are

as follows :
—

NaCl + HSO^ = NaSO* + HCl.

Salt -|- Oil of vitriol = Sulphate of Soda -|- Hydrochloric acid.

That is to say, i equivalent of chloride of sodium, and i equivalent of

hydrate of sulphuric acid, produce i equivalent of sulphate of soda and

I equivalent of hydrochloric acid, which is disengaged in the state of

gas.

Put 6 parts by weight of pure salt into a gas bottle, and add a mix-

ture containing 10 parts of oil of vitriol and 4 parts of water, previously
mixed and cooled. Adapt the gas-leading tube by means of a vulcan-

ised caoutchouc cap, and apply a gentle heat, upon which the hydro-
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chloric acid gas will be given off. This gas, being soluble in water,

must be collected over mercury, or, being a little heavier than atmo-

spheric air, hy the method of displacement, described at page 593.
When the gas is required pure and dry, it may be passed through con-

centrated sulphuric acid contained in a V-tube, and afterwards through
a tube filled with lumps of pumice-stone, moistened with concentrated

sulphuric acid. The instructions given between pages 317 and 322 for

the preparation and management of ammonia, a gas which, like hydro-
chloric acid, is extremely soluble in water, apply in most particulars to

the preparation and management of hydrochloric acid, modified only by
the changes that are demanded by the circumstance that ammonia gas
is lighter than air, and hydrochloric acid gas heavier than air.

Experiments with Hydrochloric Add Gas.

1. Fill a long tube with hydrochloric acid gas. Insert the open end

of it into a basin of water coloured blue by litmus. The water will

rush up into the tube, absorbing the whole of the gas, and acquiring a

red colour from the presence of the dissolved acid. See page 320,

experiment i.

2. Perform the same experiment by means of the fountain bottle

described at page 321, experiment 2.

3. Bring a glass containing ammonia gas mouth to mouth with a

glass containing hydrochloric acid

White fumes will appear, and

settle as a powder on the interior of

the glasses. This is sal ammoniac.
If a little of it is put into a wine-glass
with lime, it discharges ammonia

gas, perceived by the smell. If a

little is treated with oil of vitriol, it

disengages hydrochloric acid gas.
If any two vessels disengaging am-

monia and hydrochloric acid are brought near to each

other the gases combine, as represented in fig. 511,
and produce a white smoke of hydrochlorate of

ammonia.

4. Fill a wide-mouthed bottle with dry hydro-
chloric acid gas by displacement, and close it with

a greased plate of glass, 6, fig. 512. Fill a similar

bottle with dry ammonia gas by displacement (see ,

page 3 20), and close it with a glass plate, a, fig. 512.
Put the two bottles closed, with their plates, mouth
to mouth together, as represented in the figure. If

the plates fit the bottles air-tight, both bottles will appear to be empty

Suddenly take away the two glass plates, a b, and put the bottle

511.
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directly mouth to mouth, upon which the two gases will instantly
combine with one another, and fill both vessels with a cloud of sal-

ammoniac.

5.
This experiment may be performed in a more homely way by

warming a mixture of salt and sulphuric acid in a porcelain capsule,
and when the acid gas rises in white fumes, waving in those fumes a

feather dipped into liquid ammonia. This reaction is so prompt and

perceptible that each of these gases is a delicate test for the presence of

the other.

6. An inflamed taper is extinguished by this gas.

7. A bit of ice held in hydrochloric acid gas very soon melts. The
ice may be suspended in a tall test-glass above a mixture of salt and sul-

phuric acid. If the ice is thrown up into dry gas over mercury, it

dissolves and absorbs the gas instantly.

8. The production of hydrochloric acid gas, by the combination of

chlorine gas with hydrogen gas, has been already described, page 667,

experiments 19, 20, 21.

9. Analysis of Hydrochloric Acid Gas, and liberation of its Hydrogen.—Put into a tube-retort (fig. 513) a measured quan-

tity of dry hydrochloric acid gas over mercury. Pass

up into it, by means of an iron wire, a small piece of

metallic sodium. Heat the sodium in the gas by the ap-

plication of a spirit-lamp, upon which it burns vividly.

Decomposition of the gas takes place ;
half its volume

disappears ;
the residue of the gas is hydrogen ;

and

the sodium is changed into chloride of sodium. Hence

two volumes of hydrochloric acid gas contain one

volume of hydrogen and one volume of chlorine, com-

bined without condensation, H + CI = HCl. An equi-

valent of metal is in this case, and in all cases, required
to replace the equivalent of hydrogen ;

so that HCl -f- Na becomes

NaCl + H.
10. Liberation of Chlorine from Gaseous Hydrochloric Acid.—A cur-

rent of hydrochloric acid gas is passed through a bent tube filled with

chloride of calcium to dry it, and

thence into a tube similar in n

form to fig. 514, but having the "u

bulbs made further apart. The

gas enters at a and passes out

at 6, which is inserted into a

flask in which a large piece of

moistened blue litmus paper is suspended. The bulb c contains

roughly pounded peroxide of manganese. The hydrochloric acid gas,

passing from b into the flask, reddens the blue litmus. Heat is then

applied to the bulb c, upon which this decomposition takes place :
—

513

514.
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MuO 4- HCl + HCl = MnCl + HHO + CI.

Oxide of Hydrochloric Chloride of Water. Chlorine,

manganese. acid. manganese.

The MnCl remains in the bulb c; the water condenses in the

bulb d; the chlorine passes fi'om b into the flask, where it shows its

green colour, and bleaches the litmus paper.

Preparation of Solution of Hydrochloric Acid.

The solution of hydrochloric acid gas in water, constituting what is

commonly called muriatic acid and spirit of salt, is one of the most

indispensable agents of a chemical laboratory.
MitscherlkKs Apparatus.

—The solution of hydrochloric acid is pre-

pared by passing a slow current of the gas into cold water, contained

in a flask. Fig. 515 shows the

apparatus recommended by Mit-

scherlich to be used for this

process, when a large quantity
is required, a is a large glass
ballon placed in a sand-bath;
h a stopper of serpentine, turned

to fit the neck of the ballon
;

g a receiver with a little water

to wash the gas and intercept

impurities; h the water that is

to absorb the gas. The tubes

are fastened into the stopper

by a lute of clay and linseed-

oil, and plaster of Paris is ap-

plied over the joint to close all

apertures. See fig. 326, page

332. The acid is poured in

portions through the funnel, d, 515.

upon the heated salt. No heat

is applied while the gas goes over without it. The bottle, A, is cooled

externally by ice-cold water, because the condensation of the gas pro-

duces great heat. The gas-delivering tube is dipped but a very Httle

way, say one-eighth of an inch, into the water, because the solution of

muriatic acid sinks to the bottom as it is produced. The bottle, A,

should be changed whenever the gas appears to rise through the water

unabsorbed. Seven parts of water by measure produce ten parts of

saturated solution of acid.

The delivery-tube may have a bulb blown near its highest part,

to prevent the driving back of the absorbing water into the boiling

flask, in tlie event of a vacuum occurring in the latter. ^ j
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RegnaiiWs Apparatus.
—Equal parts of chloride of sodium and con-

centrated sulphuric acid, the latter diluted with one third of its weight
of water, are put into a large globular flask, which is then connected

with a series of Woulff's bottles, as represented by fig. 516. The first

of these bottles is of small size, and contains only a little water to wash

516.

the gas and separate its impurities. The other bottles, which are to

absorb the acid, are two-thirds filled with water. The tubes which

carry the gas dip but a little way into the water of each flask.

There is no advantage in this form of apparatus over that presented

by fig. 515. On the contrary, the Woulfl''s bottle, with its fixed tubes,

is difficult of management. The delivery-tube should never dip far into

the absorbing water
;
and as the latter rapidly increases in bulk, namely,

from 7 measures to 10 measures, it is convenient to be able to lower

the position of its bottle, so as to keep the mouth of the tube always
near the surface of the water. That is easily managed with a single

loose bottle like h, fig. 515; but not so when we have to deal with

such a rigid regiment of bottles as is shown in
fig. 516.

Extent of the Solubility of Hydrochloric Add Gas in Water.

The strongest hydrochloric acid that can be prepared at the tempera-
ture of 62^ F. has the strength of nearly 94°, and a specific gravity of

about 1*2. 711 septems of water produce 1000 septems of acid of

this strength. There is a point of concentration at which this acid

distils without alteration of strength. Professor Clark found its specific

gravity to be I'll. The chemical strength of it is about 48°.
Weaker acids give off" water when boiled, and stronger acids give off"

hydrochloric acid gas. Extremely little condensation is effected by
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Hydrochloric Acid. Table A.

Test Atom HCl =
36*5 grains.

Specific
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517-

Testing of the Strength or Degree of Hydrochloric Acid.

I. By Ammonia of 10°.—The process is exactly the same as that fo:

testing nitric acid by ammonia of lo*^, as described at page no, excep
that 10 septems of acid may be taken fo:

trial instead of 5 septems. As the greates

strength of hydrochloric acid at 62° F. 1;

below 94°, the greatest quantity of ammonij
of 10° which can be required to saturate ic

septems of the acid will be under 94 septems.
2. Testing of Hydrochloric Acid hy mean,

of a solution of Nitrate of Silver.— i. Pre

pare a solution of pure nitrate of silver of i'

of strength by dissolving lyo grains in i deci

gallon of solution.—2. Dikite the hydrochlori<
acid that is to be examined to 10 times it

volume.—3. Prepare the following apparatus
a is a cylinder containing a spirit-lamp ; b :

perforated iron top ; c a porcelain water batl

containing a little hot water
;
d a bottle witl

an accurately-fitted stopper, and of the capacity of 2 50 septems (4 flai(

ounces).
—

4. Put into the bottle d, 100 septems of water, 12 drops
solution of litmus, and 10 septems of the tenfold diluted hydrochlori'
acid. Close the bottle with its stopper, after first dipping the latter int<

pure water.— 5.
Fill the centigrade test-tube, fig. 76, page 100, witl

the solution of nitrate of silver of 1°, adjusting the measure with accu

racy, as pointed out at page 99.
—6. Then pour the nitrate of silver fron

the test-tube into the bottle d, until it ceases to produce a precipitate
chloride of silver. The solution in the bottle d must be kept prettj

hot. After each addition of nitrate of silver, the bottle is to be stop

pered, put into a cylindrical case of brown paper, and to be vigorouslj

shaken, the bottle being held firmly in the right hand, with one finge

fixed on the stopper. This agitation causes the chloride of silver t<

coagulate and precipitate, leaving a clear liquor, which can be tested b}

a single drop of nitrate of silver. If a cloudiness appears, more nitrat

of silver is to be added, and the whole is to be heated and again shaken

This is to be continued until the nitrate of silver ceases to cause ;

precipitate to be formed.— 7. The accuracy of the analysis may b<

checked by repeating the operations described in 4, 5,
6. Result:—

The number of septems of nitrate of silver required to precipitate ic

septems of the diluted hydrochloric acid gives the strength of th^

undiluted hydrochloric acid, expressed in degrees. The calculation i

explained at pages 109 and no.

Preparation of Hydrochloric Acid of specific degrees of strength.
—Te

the acid by the preceding methods. Then find the atomic measure

k
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the tested acid ;
that is to say, find how many septems of it contain

I test atom, or 36*5 grains of real acid HCl. For that purpose, con-

sult the two tables of Hydrochloric Acid, or calculate the number by
the methods described at page 306. By proper dilution in the test-

mixer, acid of any given strength is then readily prepared. Thus, if you
have stock acid of 90*^, corresponding to sp. gr. i

•

94, then 1 1
•
i sep-

tems of that acid diluted to 100 septems produce acid of 10°, and
diluted to 200 septems produce acid of 5°. The manipulations respect-

ing such dilutions are described at page 105.

Hydrochloric Acid considered as a Solvent.

Sp. gr. I* 12 or 1*13. Strength, 50O to 60°.

Solutions in hydrochloric acid are commonly effected with the aid of heat and in

acid of about the sp. gr. of I*I2 to I'lJ, to'which Avater is added upon particular
occasions. In a great many cases hydrochloric acid is as powerful a solvent as nitric

acid, and it has the advantages of being much cheaper, and of j^ermitting, far more

readily than nitric acid does, the expulsion, by evaporation, of any superfluity of acid

that may be present in a solution. On the other hand, it forms, with silver, lead,

and a few other substances of frequent occurrence, insoluble compounds where the

compounds formed by nitric acid are all soluble, and, therefore, fit for subsequent
examination by testing. It dissolves also fewer metals and sulphates than nitric acid.

On this account hydrochloric acid can be employed as a solvent only when the sub-

stance to be examined is known to be one that will give soluble compounds with this

acid, or in cases where the absence of nitric acid or the presence of chlorine is required
in the solution to bring about pai'ticular objects.

Things to he observed regarding this Solution.

1. The solution takes place in diluted or concentrated acid, cold or with heat.

2. Hydrogen Gas is disengaged, indicating the presence of iron, zinc, cobalt, nickel,

cadmium, and tin, all of which metals decompose diluted hydrochloric acid at common

temperatures, and produce soluble metallic chlorides.

3. Chlorine Gas is disengaged, as is known by its colour, odour, and bleaching
action on wet litmus paper. This indicates the presence of a metallic peroxide, as of

lead and manganese, or of

Chromic acid, Chloric acid. Manganic acid,

Vanadic acid, Bromic acid, Permanganic acid,

Selenic acid, Iodic acid, Nitric acid.

4. Sulphuretted Hydrogen Gas and Seleniuretted Hydrogen Gas are disengaged.

They are detected by their odour and by the blackening of a piece of paper wetted

with a solution of lead. They indicate the presence of easily soluble sulphides and

selenides.

5. Arseniuretted Hydrogen Gas, which is known by its very stinking odour,

dangerous to smell, and by the white precipitate which appears when this gas is con-

veyed into a solution of corrosive sublimate, is disengaged during the solution of

metallic arsenides.

6. Carbonic Acid Gas is disengaged with effervescence from cold, and not too dilute,

hydrochloric acid, from nearly all carbonates, a few of which, however, drawn from
the mineral kingdom, such as magnesite and sparry iron ore, require warm hydro-
chloric acid for their solution.

7. When the solution of the unknown substance is only effected partially, the

undissolved residue may be a mixed substance, such as silica, more rarely sulphur, and
oftener a product of the operation, as chloride of silver, protochloride of mercury, and
chloride of lead, ofwhich chlorides the last alone dissolves upon a large addition of water.
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8. When the addition of water to the clear acid solution produces a precipitate, th<

solution may be expected to contain antimony, tellurium, or bismuth.

9. The colour of the solution often indicates the metal that is present. Se<

page 212.

10. The neutrality of the solution must be tried. Only the alcaline earths car

produce fully neutral solutions. When the solution appears to be very acid, in con

sequence of containing a great excess of acid, this must be separated by evaporatioi
before any alcaline reagents can be applied to the solution, otherwise double chloride

will be formed, which will vitiate the action of the tests upon the metals that may h

present.
rr. The precautions stated in article 15, page 311, against mistaking certain inso

luble salts for the bases of the same salts, apply also to the solutions here unde

consideration.

Substances Soluble in Hydrochloric Acid,

Vin hot concentrated acid.

Metals, namely, all those which decompose
water at common temperature, or at a

red-heat. The solution is effected in

diluted hydrochloric acid, and with evo-

lution of hydrogen gas. These metals

are as follows:—
Metals of the Alcalies

j
Of very

Metals of the Earths > rare occur-

Manganese I rence.

Cadmium. Cobalt. Nickel.

Zinc. Iron. Tin.

Tin, readily

Copper, slowly
Lead \

Bismuth I Very slightly soluble in hot

Antimony [
concentrated acid.

Arsenic j

Sulphides, soluble in hot and not very
dilute acid, under disengagement of sul-

phuretted hydrogen gas, namely those of

the Metals of the Earths.

Metals of the Alcalies—
Manganese Iron

Cobalt Cadmium
Nickel Antimony
Zinc

of the same metals as the

sulphides.

Phosphides
Selenides

nearly insoluble.

Metalic Oxides, All such as commonly
produce salts, except those of

Tii

^^^
f quite insoluble.

Mercury }
^

Lead
"j

Bismuth
f

Antimony!
Tellurium

J

Earths—the whole of them, even Silic

when separated from silicates by greatl

diluted acid.

Metallic Peroxides, sometimes they reqmi
hot and strong acid.

J
,., f of Banum, and the con-

rl -J I pounds of the metals whic
rluondes |

^. . , ,
, 11 -j „

/-i -J I Siv^e msoluble chlorides.
Cyanides ;

°

Salts of Non-metallic Acids—most of the

which do not dissolve in water, excep

ing the sulphate of Barytes, the sulpha-

of Strontian, and salts whose meta

give Insoluble chlorides.

Safts of Metallic Acids—many of them.

Silicates. The bases of many siliceoi

minerals are dissolved, while the sili<

remains undissolved, or is only vei

slightly dissolved.

Substances Insoluble in Hydrochloric Acid.

LeadCharcoal.

Sulphur.
Selenium.

Metals which do not decompose water,

Mercury
Silver

Palladium

Rhodium
Platinum

Iridium

Gold

Titanium

Uranium

Molybdenum
Tungstenum

are not

dissolved

at all.

[an extremely small quanti
dissolved.

Bismuth

Antimony
Tellurium

Arsenic

Sulphides. Those of the metals whicl.

not decompose water
; except no

precipitated sulphides which are slight

soluble.

Iron pyrites.

Tin, persulphide.
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Ignited Earths and Oxides, such as Alu-

mina, Zirconia, Oxide of Tin and Pro-

toxide of Chromium, dissolve very-

si ightly and slowly.
Metallic Acids which do not dissolve in

water, namely the acids of

Silicon Tungsten
Titanium Tantalum

but

Antimonic acid

Antimonious acid

Arsenious acid

are soluble in concentrated acid, and

precipitable therefrom by water.

Silver ) all their compounds are insolu-

Mercury / ble.

Lead, its compounds but slightly soluble,
and only in diluted acid.

Bismuth \ Only soluble in con-

Copper, protoxide Icentrated acid and

Antimony [mostly precipitable by
Tellurium j water.

Silicates, mostly insoluble, especially those

with excess of silica
;
but many suffer

decomposition and deposit silica.

Sulphate of Barytes.
Seleniate of Barytes.

Sulphate of Strontian.

Seleniate of Strontian.

Fluorspar.
Fluosilicide of Barium

Sulphate of Lead
} nearly insoluble.

Sulphate of Lime

Decomposition of Siliceous Minerals by Hydrochloric Acid,

The decomposition of native silicates by hydrochloric acid is effected with different

phenomena dependent upon the nature of the mineral. When the finely-pulverised

substance is mixed with cold hydrochloric acid in a state of concentration, the decom-

position often occurs on the instant, a great deal of heat is produced, and the mass

congeals into gelatinous lumps. If water is then added, the metallic bases of the

decomposed silicate dissolve in the state of chlorides, while the silica appears in the

form of tender flocks. The minerals termed Zeolites, which occur so plentifully in

the neighbourhood of Glasgow, are decomposable in this manner, especially such of

them as contain water of crystaUisation. Yet it is to be observed that when these

minerals have undergone exposure to a red heat, they are no longer soluble in hydro-
chloric acid.

There is another class of silicates which are only decomposable by a prolonged

digestion with hydrochloric acid
;

in which case there is no production of jelly or of

gelatinous lumps ;
the silica is then separated in the form of fine white powder.

The following is a list of the siliceous minerals which are decomposable by hydro-
chloric acid. Of these, the first 35 produce a jelly when finely powdered and treated

with an excess of concentrated hydrochloric acid, while this is not the case with the

last 10, several of which can only be fully decomposed by a very long and very hot

digestion, and after a most careful pulverisation :
—

1. Apophyllite.
2. Natrolite.

3. Scolezite.

4. Mesolite.

5. Mesole.

6. Analcime.

7. Laumonite.

8. Potash harmatome.

9. Leucite.

10. Elaeolite.

11. Brewsterite.

12. Cronstedite.

13. Ilvaite.

14. Gehlenite.

15. Wernerite.

16. Tabular spar.

17. Nephelin.
18. Mellinite.

19. Chabasite,

20. Pectolite.

21. Okenite.

22. Davyne.

23. Gadolinite.

24. Allophane.

25. Helvine.

26. Datholite.

27. Botryolite.

28. Eudialite.

29. Orthite.

30. Silicate of zinc.

31. Silicate of bismuth.

32. Sideroschisolite.

33. Hisingerite.

34. Dioptase.

35. Meerschaum.

36.

37-

38.

39-

40.

41.

42.

43.

44.

45-

Copper green.
Stilbite.

Epistilbite.

Heulandite.

Anorthite.

Titanite (Sphene).

Pyrosmalite.
Cerite.

Cerin.

Alanite.
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Experiments illustrating the Properties of Hydrochloric Acid.

1 . Metallic iron mixed with solution of hydrochloric acid dissolves

under disengagement of hydrogen gas. See page 192. Filter the

solution while hot through a wet filter into a narrow-necked bottle, and

allow it to crystallise. The' solid green crystals produced are ferron^

chloride = FeCl. The reaction in this experiment is as follows :
—

Fe 4. HCl = FeCl + H.

2. Dissolve sesquioxide of iron in hydrochloric acid; No gas is se-

free. The solution on evaporation gives a brown mass. This is ferric

chloride = FecCl. The reaction here is :
—

FecFecO + HCl + HCl = FecCl + FecCl + HHO.

3. Dissolve some of the crystals of ferrous chloride in water, add i

small quantity of chlorine water, and boil the mixture. The product is

again ferric chloride = FecCl. The reaction has been explained at pag»

155. It may be stated thus :
—

FeCl + FeCl + CI = FecCl + FecCl -f FecCl.

Namely, two ferrous atoms are converted into three ferric atoms, and ?

require and take up the third atom of chlorine.

Under all similar circumstances, in considering the constitution of th.

chlorides, we are to take, as our standard of comparison, one atom

3 5
'

5 V^^'^ ^^ chlorine. As much of a metal as combines with tha

quantity of chlorine produces a neutral chloride. The two chlorides

iron are equally neutral. Each contains 35*5 of chlorine ; but in th(

ferrous salt, Fe weighs 28, while in the ferric salt Fee weighs i8|
Each of these quantities of iron is a true chemical radical. Fee i

always equivalent in neutralising action to Fe.

4. Dissolve a Httle caustic soda in water ;
test it with litmus paper

which it changes from red to blue. Add to it hydrochloric acid, dro]

by drop, till the solution ceases to change the colour of the litmus papei

This experiment may be made promptly with solutions of the tw<

liquors graduated to
5

'^ or 10°. See page 118. When thus neutralised

the liquor will neither taste alcaline nor acid, but purely salt
;
and if i

is slowly evaporated, it will give cubical crystals of common salt. Thi

reaction is as follows ;
—

Caustic soda NaHO _ NaCl Salt.

Hydrochloric acid HCl
~ HHO Water.

5.
In two large glasses of water, put a few drops of solution c

nitrate of silver and of hydrochloric acid. The water remains perfectl;

clear, but if they are mixed together in any proportions, they give

milky precipitate of chloride of silver « AgCl. If the mixed milk
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liquor is heated and shaken, the chloride of silver agglomerates. This

reaction may be stated as follows :
—

Nitrate of silver AgNO^ _ AgCl Chloride of silver.

Hydrochloric acid HCI
~
HNO^ Nitric acid.

Chlorides.—A chloride is a salt composed of chlorine combined with
a basic radical = M + CI. Hydrochloric acid is a true chloride

= H -f CI, and its hydrogen is replaceable by any basic radical what-

ever, simple or compound. The five experiments which I have just
described show various methods by which the hydrogen of chloride of

hydrogen is displaced by other radicals. The experiments which
illustrate the properties of chlorine, see page 666, exhibit other means of

preparing chlorides ; and numberless examples of similar reactions have

been detailed in other parts of this work.

Most of the chlorides are single salts, but a variety of double and

triple chlorides exist. See Radical Theory in Chemistry, page i88.

There are no grounds for assuming the existence of such compounds as

M + CI* and M + CP, unless MCI* is a radical. See page 623.
Meduction of Metallic Oxides by Chlorine.—Dry hydrochloric acid

gas and dry chlorine gas are sometimes used by the analytical chemist

to decompose metallic oxides, and convert them into chlorides, or to

separate metals fi'om one another by producing chlorides of different

degrees of volatility. The following apparatus is employed. The gas

5 IB.

is produced in the flask a,, and is dried in the tubes c and d. The
metals to be converted into chlorides are put into the bulb e, and

heated by the lamp placed below. The gas being then driven over,

the oxides or metals are converted into chlorides, and the volatile

chloride is driven into the flask k, while the non-volatile chloride remains

in the bulb tube e. When oxygen is set free, it passes off by the open
tube in k.

Detection of Chlorides.—See page 92. The metallic chlorides are all

soluble in water, except chloride of silver, and the cuprous, mercurous,
2 Y
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aurous, and platinous chlorides. The chloride of lead is onlv soluble

in a large quantity of water.

The Chlorates.

Formula of Chloric Acid = H,C10'
Formula of Neutral Chlorates = M,C10^.

If we compare the chlorates with the chlorides and nitrates we per-
ceive the following relations and differences:—

KCl = Chloride of potassium.
KCIO" = Chlorate of potash.
KNO^ = Nitrate of potash.

The chlorates differ from the chlorides by containing three atoms oi

oxygen. They differ from the nitrates by containing CI instead of N,
all other things remaining the same. If the hydrated chloric acid formed

''

the chloric anhydride, the decomposition would take place thus :
—

HCIO^ _ C1,C10^ Anhydride.

HCIO'
~
H,HO Water.

But the anhydride of this acid has not yet been discovered.

Properties of the Chlorates.—They are all simple salts, agreeing with

the formula MCIO^. They deflagrate when heated on charcoal. VVhec

ignited, they give off oxygen gas, and are generally converted into

metallic chlorides. See page 1 60. They are all soluble in water, and

give no precipitate with a solution of nitrate of silver
;
but after ignition,

by which they are converted into chlorides, they do give a precipitate of

chloride of silver. They burn and explode with great violence when

mixed with combustible substances and then struck or heated. I shall -

describe these experiments when treating of the salts of potassium.
Chlorate of Potash.—As this is the model salt of the series, I shall

describe the method of preparing it. Pass chlorine gas into a solution oi

caustic potash to saturation, and heat the mixture. Two different salfc

are produced by this reaction, as shown in the following equation :
—

D i. u <xr-ur\\ fKClO^ Chlorate of potash.Potash 6KH0[ ] ^Trn\ nl^ -a r i.

Chlorine 6CI h|5K«^
^ondeofpotassmm.

The chlorate of potash is much less soluble in water than the chloride

potassium, in consequence of which it cr}'stallises first, but in a state 01

admixture with some of the chloride. It is redissolved and recrystallisec^

two or three times to get rid of the chloride. The test of purity is, tha

its solution gives no precipitate with a solution of nitrate of silver.

Chloric Add = HCIO^.—To obtain this acid, the chlorate of potasl

is decomposed by hydrofluosilicic acid, which forms an insoluble sail 1

with the potash and liberates the chloric acid :
—

^1
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Hydrofluosilicic acid HSi*F» _ KSi«F^ Fluosilicate of potash.
Chlorate of potash KCIO'

~
HCIO^ Hydrated chloric acid.

The chloric acid can be concentrated to a syrupy liquid, which is very
acid and easy of decomposition by light, or heat, or contact with organic
matter. It sets fire to paper.

Use of the Chlorates as Oxidising Agents.
—Into a boiling solution of

ferrous chloride, put a little chlorate of potash and some hydrochloric
acid. The ferrous salts rapidly become ferric salts, according to the

current theory by oxidation ; according to the radical theory by quite
another kind of reaction :

—
First metamorphose :

—
KCIO^ 4- 6HC1 = KCl + 3HHO -+- 6C1.

Second metamorphose :
—

i2FeCl + 6Cl = iSFecCl.

In the first place, one atom of chlorate of potash sets free six atoms

of chlorine, because the three atoms of oxygen require six atoms of

hydrogen to form water. See page 154. In the second place, these

six atoms of free chlorine convert twelve ferrous atoms into eighteen
ferric atoms, and produce eighteen atoms of ferric chloride. Thus one

atom of chlorate of potash nominally oxidises eighteen atoms of ferric

chloride, but actually there is no oxidation of anything save the trans-

ference of 0^ from the chlorate of potash to the hydrogen of the

hydrochloric acid.

The Perchlorates = M,010*
The Chlorites = M,C10'.

When chlorate of potash is heated, at a certain point it seems to be

converted into these two salts :
—

1^,010" _ K,C10*

K,C10''
~

K,C10^

The perchlorate of potash is not decomposed at that degi'ee of heat
;

but the chlorite of potash is at once decomposed into KCl and O*.

If the process is stopped, the perchlorate of potash can be separated by
solution and crystallisation from the more soluble chloride of potassium.
As these salts are not important, I pass them over without further notice.

Oxides of Chlorine.

Hypochlorous Acid.—Formula, CI,CIO ; Equivalent, 87 ; Specific

gravity of gas, 43
*

5 ;
Atomic measure, 2 volumes.

Chlorous Acid.—Formula, C1,C10^; Equivalent, 119; Specific gravity
of gas, 39*67? Atomic measure, 3 volumes?

Chloric Oxide.—Formula, CIO*
; Equivalent, 67

•

5 ; Specific gravity
of gas, 33'75 ;

Atomic measure, 2 volumes,

2 y2
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The above compounds have received an abundance of names.

According to the systematic nomenclature of this work they would
be called :

—
C],C10 Chlora chlorate.

CLCIO^ Chlora chlorite.

ClO^ Chlorete.

The preparation and examination of these compounds is troublesome,

unpleasant, and attended with danger, from their explosive properties.

They are described in the larger works on chemistry, to which I must
refer the reader for details, restricting the present note to some
account of

Chloric Oxide, CIO', also called Peroxide of Chlorine.—This is pro-
duced by the action of concentrated acids on chlorate of potash. A
deep-red liquor, or a greenish-yellow gas, very explosive, and dangerous
to experiment upon. The safest experiment is that pointed out by

Bottger:
—Put into a tall test-glass a quarter of an ounce of

powdered chlorate of potash. Add two or three ounces of

hydrochloric acid of sp. gr. i
•

12, or of 50°. The mixture im-

mediately acquires a deep-yellow colour, and in a few minutes

a brisk disengagement of gas takes place. Throw in six or

eight pieces of phosphorus as large as pins' heads, which will

burn brilliantly under the liquid.
—Another safe experiment

519. is to mix a few grains of powdered chlorate of potash with a

few drops of concentrated sulphuric acid, in a test-tube.

Chlorous acid will appear in yellowish-green vapours. A bit of phos-

phorus, or a ball of sponge or tow dipped in ether, affixed to one end

of a long wire bent in the middle at a right angle, may then be dipped
into the vapour to cause an explosion to occur.

Chloride of Nitrogen.—Formed when chlorine gas is passed into

a solution of sal ammoniac. A yellow oily hquid, violently explosive.

Dulong and Davy were dangerously wounded by accidents attending its

examination. I have explained, at page 263, the circumstances under

which it is produced and how accidents from it may be prevented.
NiTRO-MuRiATic Acid.—Aqua Eegia.

—This is a mixture of nitric

acid and hydrochloric acid, usually employed to dissolve gold and

platinum, to convert sulphur into sulphuric acid, and to decompose
metallic sulphides. The relative proportions of the two acids differ

according to the object to be accomplished. In general, there should

be an excess of hydrochloric acid. The action exercised by nitrorauriatic

acid on metals appears to be as follows :
—

M -f HCl + HNO^ = MCI + HHO -{- NOl

The products seem to point to these conclusions. The metallic chloride

is formed in the solution, and a dark-red gas is given off, which appears
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•to be peroxide of nitrogen NO*. But, according to Gay Lussac, these
red fumes contain two new compounds, one agreeing with the formula

NC1*0, the other with the formula NCIO. The result as to the metal

is, in any case, the formation of a chloride = MCI. Such a chloride

can often be prepared with aqua regia when pure hydrochloric acid is

quite powerless on the metal whose chloride is desired.

Aqua Regia considered as a Solvent.

In general, aqua regia acts most effectually when it is composed of two parts of

concentrated hydrochloric acid and one part of concentrated nitric acid
;
but these

relative proportions are subject to variation. An excess of hydrochloric acid is re-

quired when the object in view is to produce metallic chlorides. An excess of nitric

acid is required when the object is to oxidise sulphur or a metal. The two acids are

to be mixed at the moment when the aqua regia is required for use. Some substances,
such as sulphur and platinum, require for their solution a long-continued but not a

very high degree of heat. The free chlorine which produces the chlorides, and the

free peroxide of nitrogen which oxidises the sulphur or the metal, being volatile, are

expelled by too strung a degree of heat.

The resulting solution commonly contains an excess of acid, free chlorine, and free

nitrous acid, independently of the salt produced by the substance that is dissolved.

From these extraneous compounds, the presence of which would disturb or destroy
the subsequent reaction of such tests as alcalies, sulphuretted hydrogen, and prussiate
of potash, it is necessary to free the solution by evaporation, driven either to dryness,
or to what may be considered a sufficient degree of concentration.

A circumstance which attends this evaporation requires to be specially adverted to—it is, that when the solution contains a preponderance of hydrochloric acid, the

evaporation expels the whole of the nitric acid
;
and when, on the contrary, an excess

of nitric acid is present, the whole of the chlorine is expelled from the solution. It

is, therefore, possible by this process to convert all nitrates into chlorides, and all

chlorides into nitrates.

Metallic sulphides and selenides dissolve most readily when the dry substance is

first treated with nitric acid, and the mixture is subsequently mingled with the

requisite quantity of hydrochloric acid.

The metallic carbides, particularly cast-iron, dissolve better in aqua regia than in

simple acids, because it separates more readily than they do the carbon from the

metals.

In almost all cases the action of aqua regia is promoted by the application of heat.

Substances Soluble in Aqua Regia.

which are not

attacked.

All metals, except
Rhodium
Iridium

Osmium-Iridium

Silver, which gives chloride of silver.

Titanium, which gives Titanic Acid.

Earths
1

All those which dissolve

Oxides
[either

in K itric acid or Hydro-
Peroxides

jchloric
acid alone, except the

Salts j compounds of silver.

Phosphorus.

Selenium.

Sulphur.

Metallic Phosphides
Metallic Selenides

Metallic Sulphides

'

Excepting those

whose metals are in-

soluble alone, or in

. the state of chlorides
;

'^but in this case, the

phosphorus, seleni-

um, or sulphur, is

^acidified.
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Charcoal.

Earths ) several, after strong
Metallic Oxides

J ignition.
Metallic Acids, those which are insoluble

la water: yet Arsenious acid is converted

into Arsenic acid and dissolved, and
Antimonious acid is slowly converted

Substances Insoluble in Aqua Regia.

into chloride of antimony which dis-

solves.

All substances not enumerated in these

two Tables, and not soluble in nitric

acid or hydrochloric acid alone, are in-

soluble in aqua regia.

Chlorides of Sulphur.

Chloride of Sulphur.
—Formula, CIS; Equivalent, 51*5; Specific

gravity of gas, 51*5; Atomic measure, i volume.

Bichloride of Sulphur.
—Formula, CIS*

; Equivalent, 67
*

5 ; Specific

gravity of gas, 67
*

5 ;
Atomic measure, i volume.

To prepare the latter, CIS*, a current of dry chlorine gas is prepared

by means of the apparatus figured at page 664, and is passed into the

retort c depicted in this cut, by means of the tube n. In the retort c a

quantity of sulphur is kept boiling

by a lamp placed below. The
tube n must be long enough

nearly to touch the melted sul-

phur. The dry chlorine com-

bines with the gaseous sulphur,
and produces chloride of sulphur,
which passes into the receiver,

which must be perfectly dry and

cooled externally. The tube I

is led into a chimney, or out of a window, to carry off" the superfluous

gases. Such an apparatus in a complete state is represented by figure

521. Chloride of sulphur is a reddish-yellow liquid of veiy unpleasant

odour, fuming, volatile, heavier than water, by which it is decomposed.
The chloride CIS is produced by saturating the compound CIS* with

chlorine. A dense deep-red fuming liquid.

520.

Chlorides of Phosphorus.

Specific gravity ^

Specific gravity

Terchloride.—Formula, PCP; Equivalent, 137*5:
of gas, 68*75 '

Atomic measure, 2 volumes.

Pentachloride.—Formula, PCP; Equivalent, 208*5
of gas, 69" 5 ; Atomic measure, 3 volumes.

The atomic measures of these gases agree with the assumption made

at page 138, that the measure of phosphorus in salts is half a volume,

and that it reduces the measure of every radical in combination with it

from I volume to half a volume. Hence, PCP = 2 volumes, and

PCP =
3 volumes. The proper formulae of the two compounds ought

possibly to be PCP -f CI and PCi* -f CI.
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The Terchloride of Phosphorus is prepared by the action of dry
chlorine on dry phosphorus. It is a very volatile, transparent, colour-

less, fuming liquid. It is decomposed by water into phosphorous acid
and hydrochloric acid :

—
PCP + 3HHO =: HTO' + 3HCI.

The apparatus employed to prepare the chlorides of phosphorus is

represented in
fig. 521. The chlorine gas is prepared in the flask A,

a

washed in the bottle B, dried in the chloride of oalcium tube, and then

passed into the retort D by a long tube, which almost touches the sub-

stance that is to be acted upon. The volatile product distils over into

the receiver E, where it is condensed by cold water from the cistern F.
The phosphorus, which is heated in the retort D, rests upon a bed of

sand, to keep the heat from the retort. When the terchloride is re-

quired, the phosphorus is heated very strongly, that the chlorine may
act upon an atmosphere of phosphorus in excess. When the penta-
chloride is required, the heat mast be less, and the chlorine be applied
in excess.

The Pentachloride is a white crystalline solid, volatile under 212'^ F.

It dissolves in water, producing phosphoric acid and hydrochloric acid :
—

PCP + 4HHO = ffPO* + 5HCI.

OxYCHLORiDE OF PHOSPHORUS = CPPO, or perhaps PCI^CIO.—
Equivalent, 1 53' 5; Specific gravity of gas, 76*75; Atomic measure,
2 volumes. A limpid, volatile, fuming liquid; specific gravity, i'7.
Boils at 230° F. Produced, in company with hydrochloric acid, when
steam mingles slowly with the pentachloride of phosphorus ;

—
PCP,C1 + HHO = PC1',C10 + 2HCI.
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With more water, the oxychloride is decomposed into phosphoric acid

and hydrochloric acid : PCP,C10 + 2HHO = HPO^ + 3HCI.
The active energies of the chlorides of phosphorus qualify them to

produce many striking metamorphoses among organic compounds, such

as are shown by the following examples :
—

1. H,(7H^0 + PC1*,C1 = C^H^C1 + PC1^C10 + HCl.

Alcohol. Chloric ether.

2. C«H^C*H*0» + PC1*,C1 = 2C*H^C10 + PCP,C10.
Succinic Oxychloride

anhydride. of succinyl.

3. H,C^H^O 4- PCI*,C1 = (7H^H ; CP + PC1*,C10.
Essence of Bichloride

almonds. of benzyl.

4. H,(7H^0* + PC1*,C1 = C^H^CIO + PCP,C10 + HCl.

Benzoic acid. Oxychloride
of benzyl.

5. 3(H,C*H^0) + PCP,C1 = 3(C*H^C1) + H^PO^
Alcohol. Chloride Phosphorous

of ethyl. acid.

15. BROMINE.

Symbol, Br
; Equivalent, 80 ; Specific gravity of gas, 80 ; Atomic

measure when isolated, i volume
; Atomic measure when acting as a

radical in salts, i volume
; Condensing action on the atomic m£asure of

other radicals, O; Specific gravity in the liquid state at 32° F., 3* 187.

Occurrence.—In sea water, in certain saline springs, in the water of

the Dead Sea, and in small quantities in many minerals.

Preparation.
—Bromine can be prepared from bromide of sodium by a

process analogous to that by which chlorine is procured from chloride

of sodium. A mixture of bromide of sodium, ])eroxide of manganese,
and sulphuric acid diluted with its weight of water, is heated in a retort,

upon which bromine distils over in vapour, and is condensed in a

receiver to the liquid form. The apparatus suitable for this experiment
is represented by fig. 522. The retort A is connected with the receiver

C by the adapter B, all fitted closely with corks. As the vapour of

bromine is excessively volatile and suffocating, the apparatus must be

carefully closed. The retort is heated by a water-bath, and the receiver
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is cooled by ice and iced water, of which there must be enough to pro-
duce an effectual condensation of the bromine.

522.

Theory.
—The reaction is precisely similar to that by which chlorine

is liberated from its chloride :
—

NaBr + MnO + 2HSO* =
j jj^q T Bf

Compare this with the equation at No. 6, page 665.

Properties.
—At the ordinary temperature of the atmosphere, bromine

forms a dark reddish-brown liquid, which is heavier than water. Its

sp. gr. at 60° is 2.97. It possesses a penetrating odour, which peculiarly
and painfully affects the temples, and is thus distinguished from chlorine,

which acts on the throat, and from iodine, which affects the nose. It

boils at a low temperatm'e, 146° F., and produces a reddish-brown

gas, the sp.gr. of which is 80. Its atomic volume is i. At — 19° F.

it freezes to a crystalline lead-grey semi-metallic mass. With a small

quantity of water, it forms crystals ;
with a large quantity, it gives a

hyacinth-red solution. It colours the skin yellow, and destroys it.

It bleaches vegetable colours, and forms, with other elements, a series

of compounds which much resemble those formed by chlorine.

Bromine is usually preserved in glass bottles with a little water above

it. The bottle should be well stoppered, and kept in a dark place. The
water becomes saturated with bromine, and foniis a hydrate that very

easily crystallises at a low temperature. When it crystallises, it expands

considerably. Hence the bottle should never be kept full of liquid, as

it is in danger of bursting the first cold night that occurs. The tension

of bromine vapour is very great. If you take the stopper out of the

bottle, the gas escapes from the saturated water, ovei-flows the bottle,

runs over the table, down upon the floor, and thence diffuses itself

through the whole house. If you suffer the experiment to proceed



690 BROMINE.

unmolested, all the bromine will thus pass through the water and

escape.
When a given quantity of bromine is required for an operation, ii can

be conveniently measured by a tube, graduated to grains of water, like

fig. 523. An elastic vulcanised caoutchouc ball is put on the

top of this tube. A little air is forced out of the ball, the

point of the tube is put, through the water, into the bromine,
and then by relaxing the pressure of the hand on the ball, the

bromine is sucked up into the tube measure. Every mark on

the tube indicates 2*97, or nearly three grains of bromine, so

that the quantity can be easily regulated. To weigh bromine

by a balance is nearly impossible.

The Bromides.

Hydrohromic Acid = HBr. Bromide of Potassium = KBr.

Exactly equivalent to hydrochloric acid HCl, and chloride of

potassium KCl, both in constitution and chemical properties.

Most of the bromides dissolve in water. Their solutions give
white precipitates with solutions of nitrate of silver and of

nitrate of lead. White starched cotton dipped into a solution

containing a bromide acidified by hydrochloric acid, becomes

yellow.

V
523.

Hydrobromic Acid.

Foimulay HBr; Equivalents 81; Specific gravity of gas, 40*5;
Atomic measure, 2 volumes ; Systematic name, Hydra broma.

Nearly related in its properties to hydrochloric acid. An acid gas,

which dissolves in water, producing liquid hydrobromic acid. The gas

can be prepared pure as follows : Put into the bend d of the tube

apparatus, represented by fig. 524,
some pieces of phosphorus. Fill the

branch d e with fragments of glass

wetted with water. Put into the

bend b a little bromine. Close the

necks a and e, and apply a very

slight heat to the bromine at b. The

bromine passes on to the phosphorus,
and combines with it, forming the

compound PBr^,Br. That immediately suffers decomposition from the

water, and produces phosphorous acid, which remains in the tube, and

hydrobromic acid, Avhich goes off as gas, and may be collected over

mercury, as shown by fig. 311, page 319 :
—

PBr«,Br + 3HHO = W,FO' + 3HBr.

524.

m
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ff too much water is put into the tube e, J, fig. 524, the gas will be

ibsorbed, and produce liquid hydrobromic acid.

Hydrobromic acid gas is colourless
; it is not combustible

;
it ex-

:inguishes flame
;

it is very irritating to the lungs. Its concentrated

K)lution in water has a sp. gr. of i '486, and distils unchanged. With
uetallic oxides, it produces bromides by double decomposition.

Bromates = KBrO^.
Bromic Acid = HB^O^

The bromates closely resemble the chlorates, but they are distin-

^shed from them by giving a precipitate with a solution of nitrate of

iilver. The bromic anhydride = Br,BrO^ has not yet been discovered.

16. IODINE.

Symbol, I; Equivalent, 127; Specific gravity of gas, 127; Atomic

measure wJien isolated, i volume; Atomic measure when acting as a
'-adical in salts, i volume ; Condensing action on the atomic measure of
ither radicals, o

; Specific gravity in the solid state, 4*948.

Occurrence.—It exists in sea water, and enters into the composition
^f sea-weeds, sponges, fuci, and algae. These productions, when burnt,

yield an alcaline ash, technically called help, which contains iodine in the

state of iodide of sodium.

The compounds of iodine are quite similar to those of chlorine and

bromine, so that I need not enter into minute details respecting them.

Preparation of Iodine.—Iodine can be prepared by a process similar

to those employed for the extraction of chlorine and bromine. The

apparatus is represented by fig. 525. Iodide of sodium, procured from

kelp, is mixed with peroxide of manganese and diluted sulphuric acid,

and is put into the retort and distilled. The iodine passes, in the

itate of vapour, into the receiver, and condenses to lead-coloured crystal-
line spangles of solid iodine. This element can also be precipitated in a
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solution of iodide of potassium, by passing a current of chlorine gas
irjto it. The iodine falls down as a gray powder. Kl + CI = KCl -}- I.

Properties.
—Iodine, at common temperatures, forms soft pulverulent

black semi-metallic crystals, which resemble plumbago. It is heavier

than water. Sp. gr., 4*948. Its odour is something like that oi

chlorine, but weaker, and distinguished by the difference noted under

Bromine. It fuses at a temperature a little above that of boiling water,

222° F.
;

and when strongly heated, volatilises in the form of a

splendid violet-coloured gas. The sp. gr. of the gas is 127. Its taste

is sharp and acrid
;

it is poisonous ;
it bleaches vegetable colours

slightly; it colours the skin yellow, and makes paper brown, but the

colours are fugacious. It is slightly soluble in water, i lb. of whicl:

dissolves i grain of iodine. The solution has a yellow colour, and the

peculiar sea-side odour of iodine. It is readily soluble in alcohol and

ether, producing brown solutions. It gives violet-coloured solutions with

sulphide of carbon and mineral naphtha. It forms a blue compound wit!

starch.

The compounds which iodine forms with other elements bear a greai

resemblance to the compounds produced by chlorine. In large dosej

it is poisonous. In small doses it is a valuable medicine for the cure

goitre, glandular swellings, &c.

Test for Iodine.—Starch that has been boiled in water, when put ii

contact with free iodine, loses its white colour, and becomes blue

Iodine in combination does not effect this change. There are differen

ways of applying the test. i). Mix a little starch with the liquic

supposed to contain iodine, and then add a few drops of nitric acid

or, what is better, a very little chlorine. The latter is done by inclining

over the mixture a bottle that contains chlorine water. In such a bottlt

there is always a stratum of heavy chlorine gas floating above the liquor

and if the bottle is inclined, a portion of the gas flows out. This i

preferable to adding the solution of chlorine, an excess of which i:

injurious. The solution must be cold. 2). Thick cotton thread i

passed through a paste of starch prepared with hot water. It is dried

the superfluous starch is gently washed off" in lukewarm water, and th'

cotton is again dried. This thread, which is perfectly white in colour

becomes blue when dipped into a solution that contains an extremel;

minute quantity of any compound of iodine; the solution being pre

viously mixed with a few drops of nitric acid, or chlorine water

Starched paper answers the same purpose.
To form beautiful Crystals of Iodine.—Dissolve iodine in boilin

alcohol, and let the solution cool. Splendid crystals, an inch and a h:'

long, are produced in a iew minutes. Fine crystals can also be pv

duced by a slow sublimation. See page 57. This sublimation can b

effected between two watch glasses.

Combustion of Potassium in Iodine.—Take a bent glass tube, whic
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is to be placed in a horizontal position. Put a little iodine at the

bottom, and a bit of potassium in the middle of the tube. Volatilise
the iodine by heat, and when the tube is full

of its beautiful vapour, heat the potassium by
holding a lamp below it. The metal will then

burn with a violet light in an atmosphere of

iodme. The product is iodide of potassium.

Production of a Gas possessing a splendid Violet Colour.—Put a little

iodine into a small flask, or a test-tube, and draw out the mouth of the

J

527.

vessel till the opening is extremely small. Then expose the flask to

heat, upon which the iodine will rise in vapour, and, if in sufficient

quantity, will expel the atmospheric air through the capillary opening,
and fill the whole vessel, exhibiting a very beautiful

appearance. By means of a blowpipe, the mouth of

the vessel may now be sealed. When it cools, the

violet vapour disappears, and the iodine is seen on
the sides of the vessel in little crystals ; but when-
ever the apparatus thus prepared is exposed to heat,

the violet gas is again produced. A temporary
apparatus may be prepared by means of a white glass

balloon, which can be closed by a good cork, traversed

by a very narrow glass tube, the outer end of which
can be stopped at the proper moment by a little wax
^r soft cement.

Hydriodic Acid.

Formula, HI; Equivalent, 128 ; Specific gravity of gas, 64; Atomic

^neasure, 2 volumes : Systematic name, Hydra ioda.

A colourless gas. Reddens litmus ;
smells very acid, like hydro-

^loric acid gas ; suffocating ; produces white clouds in the air
;
not

:x)mbustible ; condensable to the liquid state by pressure ;
dissolves in

«^ater rapidly and in large quantity.

Preparation of the Gas.—i). Phosphorus i part, and iodine 9

parts, are put into a tube apparatus, such as is depicted in fig. 529.
Powdered glass, wetted with water, is stratified between the materials,

in the order of iodine, glass, phosphorus, glass, &c., till the tube is

two-thirds filled. A gentle heat is used, and the gas is collected over

mercury.
—

2). Phosphorus i part, iodine 20 parts, iodide of potassium
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14 parts, water a small quantity. The mixture is to be very gentle
warmed.—3). If iodine is heated in hydrogen gas, the hydrogen ga'

doubles its volume and become;

hydriodic acid gas.

Analysis.
— J. If metallic po

tassium is heated in a measured

quantity of dry hydriodic acic

gas, it produces iodide of po
tassium and hydrogen gas, th<

volume of which is half th(

529. volume of the analysed hydriodii
acid gas.

2. Hydriodic Acid Gas is Decomposed hy Chlorine Gas.—Use tw(

ten-ounce stoppered glass bottles with wide mouths. Fill one witl

chlorine gas and the other with hydriodic acid gas. When tin

decomposition is to be effected, take away the two stoppers, and pu
the bottles together mouth to mouth. The chlorine combines with th^

hydrogen, and the iodine is set free in the Ibrm of violet-coloured gas.

Preparation of the Acid in Solution.—Pass a current of pure sul

phuretted hydrogen gas through water in which iodine is kept suspendei

by agitation. When the iodine is dissolved, and the solution become

colourless, boil it to drive off the excess of sulphuretted hydrogec

Theory :
—I-t-HS = Hl4-S. A colourless solution, which can b

concentrated to sp. gr. 1*7, at which it can be distilled without losin:

gas. Possesses strong acid properties. It soon decomposes spon

taneously.
Iodides.—These compounds bear the same relation to hydriodic aci'

that the chlorides do to hydrochloric acid. Their composition is in

dicated by the formula MI. Hydriodic acid, with metallic oxide;

forms iodides and water. Thus : HI + KHO = HHO -f KI.

Many of the metallic iodides possess very beautiful colours. See tb

precipitates produced by the iodide of potassium. Many iodides can b

ignited without suffering decomposition. They are readily decompose

by chlorine, both at a red heat and when in solution. Concentrate

sulphuric acid and bisulphate of potash, when heated, decompos

iodides, and set iodine free. Some iodides (those of alcaline metal'

dissolve in water
;
most of them are insoluble

;
and some of them ai

decomposed by it. They are poisonous.

Experiments.
— i. Mix a solution of acetate of lead with a solution <

iodide of potassium. A yellow powder appears. Boil the mixtur

The powder disappears; but when the liquor cools, splendid goli

coloured spangles appear. 2. Paint with red iodide of mercury ac

figure on a piece of white pasteboard. Warm the pasteboard over

spirit-lamp flame, when the red figure becomes yellow.
Detection of Iodides.—See page 93.
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lODATES = M,IO^
Iodic Acid = H,IO'
Iodic Anhydride = 1,10*.

Preparation of Iodic Acid.—Heat one part of iodine with four pai'ts

of the most concentrated nitric acid. The heat must be gentle, to

prevent a loss of iodine. The iodic acid forms small white grains.

Evaporate these with the excess of nitric acid to dryness, and expose
the product to the air at 60° F. until it has dehquesced. Remove the

preparation to a warmer and drier place, upon w^hich fine cr}'stals of

anhydrous iodic acid will be formed. The anhydrous acid, 1,10',

crystallises in six-sided tables. White, semi-transparent, heavier than

oil of vitriol, reddens litmus. Very soluble in water, forming the

hydrate HIO^ With metallic oxides, it forms the salts called Iodates.

Properties of Iodates.—A class of compounds that nearly resemble

the Chlorates. Decomposed by heat, sometimes producing oxygen and

Iodides, as KIO^ = KI -f O^
;

sometimes producing metallic oxides,

oxygen, and iodine, as 2BaI0^ = BaBaO 4- P -f O*
;
and sometimes

the metallic oxide retains a little Periodic Acid, BalO*. Most iodates

deflagrate with red-hot charcoal. They are decomposed by sulphuric

acid. Hence the hydrate of iodic acid can be prepared by adding

sulphuric acid to iodate of barytes :
—

BalO^ -f HSO« = BaSO* -f- HIOl

Iodide of Nitrogen, NP -f- H.—Rub powdered iodine in a mortar

with liquid ammonia ;
after some time, filter the

liquid. The filter paper will exhibit a dark-brown

]:)0\vder, which is the iodide of nitrogen, i. It
S\\

very often explodes spontaneously if dried in too

warm a place, so that it requires cautious manage-
ment. It should be divided, while wet, into small

portions, and put on separate pieces of blotting-

paper to dry. 2. It explodes if gently pressed
^^°'

with a hammer, producing a violent report, and a violet light. 3.
It

explodes in the same way when a bit of paper containing a small

portion is lifted with the tongs and thrown on a fire. Consequently,

experiments on this substance must be made with the utmost caution.

Mona-Chloride of Iodine, ICl.—Liquid.
Tri-Chloride of Iodine, ICl'^ -f CI.—Solid.

i). Put dry iodine into a glass tube, and pass over it a current of

dry chlorine gas, page 664, until the solid iodine becomes hquid. That

product is ICl.— 2). Continue to pass the current of dry chlorine gas

for six hours. Apply heat to the product, and sublime it frequently.

When completely saturated with chlorine, it is ICl* + CI. The mona-

chloride is a red-brown oily liquid, the vapour of which powerfully
attacks the nose and eyes, and even makes the fingers smart. It
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bleaches vegetable colours and indigo. It does not make starch blue.

The tri-chloride forms orange-coloured crystals. It acts much like the

mona-chloride. Both dissolve in water, with partial decomposition.
Bromide of Iodine.—Add bromine, drop by drop, to an alcoholic

solution of iodine, until the liquor acquires a fine red colour. Then
dilute the mixture with water until it has a fine straw-yellow colour.

This liquor can be preserved for occasional use; but it is necessary,
from time to time, to add a little bromine water, because the bromine

gradually escapes by evaporation.

1
17. FLUORINE.

Symbolf F; Equivalent, 19.

Occurrence.—It is a component of the mineral called Fluorspar^ the

composition of which is CaF. It also occurs in the mineral called

Kryolite^ which occurs in considerable quantities at Arksulfiord, in

West Greenland, but in no other locality. Its composition is

NaF 4. AlcF, which represents a double fluoride of sodium and

aluminum. This mineral has lately been imported in quantities for the

manufacture of metallic aluminum. Fluorine occurs in small quantities
in other minerals, and in animal bones, the enamel of the teeth, &c.

Properties.
—Fluorine has never been completely separated from other

substances. All its compounds can be readily decomposed ;
but when

the fluorine is liberated from one element, it instantly seizes upon another.

It is like the Alchymists' Universal Solvent, which was to be able t'

dissolve everything, and which, therefore, must have dissolved the ver}

vessels which they intended to put it in—when they had discovered it!

Compounds of Fluorine.—With hydrogen, it produces hydrofluoric

acid; with metals, it produces fluorides. Hydrofluoric acid is a true

fluoride, in which an equivalent of hydrogen occupies the place of an

equivalent proportion of a metal. With boron and silicon, it form

compounds which will be noticed in their order. Fluorine has the

peculiar property of not combining with oxygen.

Hydrqfluoric Acid.

Symbol, HF ; Equivalent, 20; Systematic name, Hydra fluora.

This acid is equivalent in composition to hydrochloric acid. It i;

composed of equal atoms of hydrogen and fluorine = H + F. I

contains no oxygen. When the fluorine combines with a metal to fom

a fluoride, it gives up the hydrogen with which it is combined in th<

hydrofluoric acid = M + HF = MF + H.

Preparation.
—Powdered fluorspar, free from silica, is gently heate(
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with twice its weight of oil of vitriol. The operation needs to be per-
formed in vessels of platinum or lead, because the hydrofluoric acid

decomposes glass and porcelain immediately upon coming into contact

with them. Hence it must also be collected in metallic vessels. If

concentrated hydrofluoric acid is required, no water is to be put into the

receiver. If dilute acid is wanted, a little water may be put into the

receiver to absorb the gas.

Figs. 531 and 532 represent two forms of apparatus for distilling

hydrofluoric acid. Both are supposed to be made of lead, with joints

ground to fit close together. Fig. 531 represents a retort and a bent

tube receiver. Fig. 532 represents a pair of bottles connected by a

bent leaden pipe, the bottle a serving for a retort and the bottle c for

a receiver. The receiver should be cooled by iced water.

The acid must be preserved in bottles of gutta percha, with stoppers
of the same material, which should be sealed with resinous cement. If

hydrofluoric acid gas escapes in any room where there is glass, the whole

surface of the glass becomes corroded and is rendered opaque.
The dense acid ought never to be preserved.

Theory of the Production of Hydrofluoric Acid Gas :
—

CaF + HSO« = CaSO^ + HF.

The fluoride of calcium is decomposed by the sulphuric acid, sulphate
of lime is formed, and hydrofluoric acid is disengaged in the state of

gas.

Properties of Hydrofluoric Acid.—A dense, fuming, volatile, colourless

liquid, which boils at about 60° F. Soluble in water; intensely sour;

reddens litmus, corrodes and dissolves glass, acts injuriously upon the

organs of respiration, the vapours produce pain at the finger ends, and

<lrops on the skin act like a red-hot iron, producing very painful sores.

Used in mineral analyses.
To Engrave Figures on Glass.—Cover one side of a flat piece of glass,

after having made it perfectly clean, with bees' wax, and trace figures

upon it vvith a needle, taking care that every stroke cuts completely

through the wax. Next, make a border of wax all round the glass, to

2z
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prevent any liquid when poured on from running off. Now, take some

finely-powdered fluorspar, strew it evenly over the glass plate, upon the

waxed side, and then gently pour upon it, so as not to displace the

powder, as much sulphuric acid, diluted with twice its weight of water,
as is sufficient to cover the powdered fluorspar. Let everything remain

in this state for three hours, then remove the mixture, and clean the

glass by washing it with oil of turpentine. The figures which were

traced through the wax will be found engraven on the glass, while the

parts which the wax covered will be uncorroded.

Fluorides. Fcn^mula, MF.—Hydrofluoric acid with metallic oxides

produces metallic fluorides and water :
—

HF + HF + MMO = MF -f MF + HHO.

The fluorides of platinum, sodium, mercury, and silver, are soluble in

water, but those of most other metals are insoluble. Some of the

metallic fluorides combine with hydrofluoric acid and produce soluble

double salts, such as KF -f HF.
Detection of Fluorides.—See page 94.

18. BORON.

Symbol, B ; Equivalent, 3*5. It does not form a gas, but its measure

as a radical in gaseous salts is -i- volume. It condenses evejy radical with

which it combines toform gaseous salts, from i volume to i volume.

Occurrence.—Boron is the acid radical of the salt called borax, or

tincal, which is a mineral found in Thibet, and of boracic acid, which

occurs in some hot springs in the volcanic districts of Tuscany.

Properties.
—Boron is a dark olive-coloured powder, tasteless and

inodorous. When heated in close vessels it shrivels up, but does not

fuse nor volatilise. When heated in the air, it burns in a lively

manner, and acquires a coating of dry boracic acid. Aqua regia and

nitric acid convert it into boracic acid. Chlorine changes it into

gaseous chloride of boron. When mixed and heated with nitrate of

potash it explodes. The most important compounds of boron are

boracic acid and borax.

Boracic Acid, anhydrous = BBO. Equivalent, 23.
Boracic Acid, crystallised — HBO. Equivalent, 20*5.

Preparation.
—Dissolve three parts of borate of soda (borax) ii

twelve parts of hot water, and filter the solution ; then add one part o

sulphuric acid, by Httle and little, till the liquor has a sensibly ac:

taste. Put it aside to cool, and a great number of small laminates

crystals (scales) will be gradually formed. These are boracic aci<-

= HBO. They are to be purified by washing with cold water, whicl

carries off any extraneous soluble body, but leaves the acid, which i-
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very sparingly soluble, almost untouched. When the crystals have

been washed, they are to be drained upon filtering paper. They may
be purified by solution and recrystallisation.

The hydrated boracic acid acts on blue colours like an acid, but on

turmeric like an alcali. The crystals give off water when heated, and, at

a red heat, fuse to a transparent colourless glass, which is used as a flux

in analysis, and as an ingredient of false gems. It is the anhydrous
acid = BBO. When heated to only 212° F., the crystals lose but half

their water, and leave the compound 2HBO + BBO. Boracic acid is

obtained in the form of thin crystals or scales, of a silvery-white colour,

which have a greasy feel, no smell, but a very strange taste—being first

sourish, then bitterish, cooling, and at last agreeably sweet. It is soluble

in water, but only in a slight degree. It is more soluble in alcohol,

and gives to the flame of that body, when burning, a green colour.

Though sulphuric acid displaces boracic acid from borate of soda

when in solution, yet if boracic acid is fused with sulphate of soda,

sulphuric acid is expelled, and borate of soda reproduced.

Fusibility of Boracic Acid.—Melt a small quantity on a hooked pla-

tinum wire in the blowpipe flame, as represented at page 85.

Borates.—Compounds formed of boracic acid and oxides. The

alcaline borates are soluble in water. All others are insoluble. They
are readily fusible, and are used as fluxes for other bodies ; borax, in

particular, is much used in assaying and in experiments made with the

blowpipe.
The constitution of the neutral borates is represented by the formula

MBO
;
but they often occur with excess of acid, such as MBO -f BBO.

Thus, the most common of all the borates. Borax, has the very complex
constitution that is represented by the following formulas :

—
Crystallised: NaBO -f 5HBO -f 2^Aq.

Anhydrous : 2NaBO + 5 BBO.

In all the compounds of this description, the atoms of boron plus the

atoms of the basic radical are equal to twice the number of the atoms of

oxygen. Boracic acid, which is a feeble acid when in liquid solutions,

becomes, when fused at a white or red heat, a very powerful acid, and

expels all other more volatile or more decomposable acid radicals from

basic radicals, and thus produces anhydrous borates ;
in which particular

boracic acid acts somewhat like phosphoric acid.

Detection of Borates.—See page 95.

Chloride of Boron. Formula, BCl ; Equivalent, 39 ; Specific gravity

of gas, 58 '5 ;
Atomic measure, |-

volume.—A pungent acid gas, which

forms thick vapours in the air. Decomposed by water into hydro-

chloric and boracic acids :
—

BCl -f HHO = HCl -j- HBO.
2z2
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Fluoride of Boron. Fluoboric Gas. Formula, BF
; Equivalent,

22*5; Specific gravity of gas, 33*75; Atomic measure,-*- volume;

iSystematic name, Bora fluora.—Prepared by distilling, at a very high

temperature, in a yiorcelain retort, or a wrought-iron tube, a mixture of

two parts of fluorspar and one part of fused boracic acid. The products
are fluoride of boron and borate of lime :

—
CaF 4- BBO = BF + CaBO.

The fluoride of boron is a gas which forms very thick, suffocating acid

vapours when let into moist air, in consequence of its powerful attrac-

tion for water, which absorbs 700 times its volume of this gas. White

paper plunged into this gas instantly turns coal black : the reason is,

that the paper is decomposed, and new compounds are formed by the

oxygen and hydrogen of the paper and the elements of the fluoride of

boron. The charcoal of the paper is thus set at liberty.

Borofluoric Acid.—The saturated solution of the above gas in water.

This may be prepared by distilling a mixture of equal parts of fluorspar

and borax with concentrated sulphuric acid in a glass retort. The
distillate is a very acid liquor.

Hi/drof,uoboracic Acid is produced when borofluoric acid is largely

diluted with water. One fourth of the boron separates as boracic acid :
—

4BF + HHO = HBO + HBT\
This quadruple salt = HB-T* = HF + 3BF, contains one replaceable

atom of hydrogen, which it can exchange for a metal and produce a

neutral salt. A similar salt is produced by adding boracic acid to a

dilute solution of fluoride of potassium :
—

4KF + 3HBO = 3KHO + KB'Y\

Nitride of Boron. NB^ + B.— In a current of steam it produces
acid borate of amm.onia :

—
NBSB 4- HHO + HHO = NH^BO + BBO.

19. SILICON.

Symbol, Si
; Equivalent, 7. It does notform a gas. JVhen it acts as an

acid radical in salts, it has no atomic measure. It condenses all radicals

with which it combines toform gaseous saltsfrom i volume to ^ volume.

Occurrence.—See page 10.

Properties.
—Silicon is a dark-brown powder, without metallic lustre.

When heated in the air, it burns on the surface to silicic acid (silica),

which coats the unburned silicon. The residue can be dissolved only

by a mixture of nitric acid and hydrofluoric acid. When silicon is

mixed and heated with carbonate of potash, it is readily oxidised at a

temperature lower than a red heat. Chlorine gas passed over heated

silicon produces volatile chloride of silicon.

Preparation.
—See pages 705 and 707.
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Silicon is a very important substance in the mineral kingdom. With

oxygen it forms silica
;
with oxygen and hydrogen it forms hydrate of

silicic acid ;
with oxygen and metals it forms silicates. It is extremely

abundant. One-third part of the weight of most of the mountains in

the world consists of silica.

Silicic Acid. Silica.—Si,SiO. Equivalent 30.
A white powder, insoluble in water, infusible, inodorous, tasteless,

gritty. Native rock-crystal consists of silica nearly in a state of purity.

The most usual form of the crystals is that of six-sided prisms termi-

nated by six-sided pyramids. Common sand is impure silica. Quartz,

flint, and other siliceous minerals, consist of silica in various states of

impurity. Siliceous stones are harder than window glass, but softer

than the diamond. It is insoluble in all acids except the hydrofluoric

acid, and it can only be brought into solution by fusion with a fixed

alcali. Newly precipitated, it is soluble in water. See page 706.

Preparation of Silica.—Transparent specimens of rock-crystal are

ignited, thrown, while red-hot, into water, to render them brittle, and

then reduced to powder in an agate mortar. Silica thus prepared is not

quite pure. To obtain it pure, it must be melted with three or four

parts of dry and pure carbonate of soda in a platinum crucible. This

requires the heat of a furnace. After the fusion, the mass is to be

taken from the crucible, put into a porcelain basin, and dissolved in

pure hydrochloric acid. The silica will then be perceived to have the

consistency of jelly. The mixture is to be slowly evaporated to dryness,

all lumps' formed during the evaporation being broken down with a

glass rod. When the residue is in the state of a fine dry, neariy white,

powder, it is to be moistened with a little strong hydrochloric acid, to

be well mixed with a glass rod, and allowed to rest for twenty minutes.

Water is then to be added in considerable quantity, whereupon the

chloride of sodium, with the chloride of iron, and other impurities, will

dissolve, and the silicic acid will remain undissolved. It is to be

brought upon a paper filter, placed
in a funnel, and to be washed as

follows :
—Let d represent the funnel

which contains the silica on a filter ;

then water is to be boiled in the

flask a, and the steam is to be con-

veyed from it by means of a bent

glass tube, b, of one-fifth of an inch

bore, into the funnel d. Both ends

of this tube are sjround aslant, so

that no drops of water can obstruct

the passage. The funnel is covered

by a very shallow glass capsule, c,

which has a hole in the middle

t
533.
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just large enough to admit the tube b, and the end of this tube must

barely pass through the cover, and not touch anything within the

funnel. As the steam passes into the funnel, it is condensed into

boiling-hot water, which passes through the powder that is to be

washed, and drops from the neck of the funnel, carrying all soluble

matters with it. The pressure of the steam and the high temperatiure
are both advantageous in facilitating the rapid washing of the precipitate.
If the steam comes off too fast, the excess blows out between the funnel

and the cover, and does no harm. But it is easy, when the water is

boiled by a gas flame, to provide against waste of steam. The only
accident to which this method of washing is liable is that of water

gathering so much in the funnel as to cover the end of the tube
;
but a

very little attention to the ebullition of the water suffices to prevent this

occurrence.

Test of the Purity of Silica.—The washing of the silica is completed
when the drops of water that pass from the funnel give no precipitate

with a solution of nitrate of silver. The silica so prepared should be

perfectly white, and when fused with carbonate of soda before the blow-

pipe, should give a colourless glass bead.

Another method of preparing pure (and soluble) silica is described

in the article on hydrofluosilicic acid, page 705.
Silicates.— Silica combines with metallic oxides to form compounds

that are called Silicates, all of which are insoluble in water, except the

silicates of fixed alcalies containing a great excess of base. Very many
rocks and siliceous minerals consist of silicates, and especially of com-

binations of silica with alumina, hme, magnesia, oxide of iron, potash,

soda, and more rarely oxide of manganese. Silicates of potash and

soda, when the silica is in excess, constitute glass. When silicate of

lead is added, the glass is the important variety called
Jiiiit glass. Sili-

cate of alumina is the principal component of all clays and earthenwares.

Among the natural silicates, many, such as zeolites, are soluble in heated»

hydrochloric acid ;
but others require to be melted with a fixed alcaliB

before they can be dissolved. I have given at page 679 a list of minemk
that are soluble in hydrochloric acid.

Constitution of Silicates.—A simple silicate is foraied in accordance

with the formula MSiO, in which I\I represented any basic radical Avhat-

ever. Si represents one equivalent, or 7 parts of silicon, and one

equivalent, or 16 parts of oxvgen. The normal silicates thus formed

can combine with one another, Avith anhydrous silica, and with salts

formed on the model of water = HHO, thus producing a great variety

of complex silicates,
—

neutral, acid, and basic.

Examples of Silicates :

1 . H Si O = Hydrate of silica.

2. H«Si^O^ = 2HSiO + SiSiO = Another hydrate.
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3.
H^Si'O* = 3HSiO + SiSiO = Another hydrate.

4. C^H^jSiO. Silicate of Arayl. Atomic measure of gas, lialf a

volume.

5. C*H* ,SiO. Sihcate of Ethyl. Atomic measure of gas, half a

volume.

6. (C^H7,Si^0« = 2(eff,SiO) 4. SiSiOl
,,

.,. ,
.

^, ,

7. (Wr,Si«0^ = 2(C«ff,SiO) + 3SiSiOf
^^^^' ^'^'''^^'' ""^^^^y^'

8. Ca Si^O^ = Silicate of lime, a mineral.

9. Ca'Si^O' = 2CaSiO + SiSiO. Wollastonite.

10. Mn SiO = Tephroite.
11. Mn'Si'O' = 2MnSiO 4- SiSiO. Manganesic Augite.
12. AlcSi O = Bucholzite.

13. AlcSi'O' = AlcSiO + SiSiO = Agalmatolite.

14. KAlc^Si^^O« = KSiO 4- 3AlcSiO 4- 4SiSiO = Felspar.

15. RSiO 4-7zRcSiO.

The last formula may be taken as a very general one adapted to repre-
sent mineral silicates. The symbol R signifies one equivalent of any

basylous element or of any combination of basylous elements combined

together. Thus it may signify (H,K,Na,Ca,Mg,Fe,Mn), combined in

any relative proportions whatever, but in such an absolute quantity that

the whole shall have the neutralising power of one equivalent or one

radical. So also Re signifies one equivalent of a basylic radical, or such

a quantity of different basylic radicals, in any sort of relative proportions,

as shall together possess the neutralising power of one equivalent or one

radical. In this sense. Re may represent (Alo,Fec,Crc,Mnc). The
formula No. 15, namely, RSiO 4- nRcSiO, necessarily resolves itself

into the simple unitary foiinula of R'^Rc^Si'O', where *
4-

'' + '
are col-

lectively equal to two equivalents of the radicals R 4- Re 4- Si in com-

bination with one equivalent of oxygen ;
and this unitary formula is,

for a vast variety of complex silicates, the best of all formulee, because

of the extreme state of admixture in which many silicates occur in the

mineral kingdom. Take, as an example, the mineral called Vesuvian,

the composition of which is = Ca^MgTec^^lc^Si^^O'^ This is evidently

very little removed from CaSiO -f- AlcSiO, the vicarious elements being

only I in 9. If it is expressed in an analytical formula, it becomes

SCaSiO 4- M^SiO 4- 8AlcSiO 4- FecSiO. But the unitary formula

gives this information quite as clearly and more briefly. Another form

of formula for such compounds might be this: —(Ca''Mg')'(Alc^Fec')^

The reader who desires to investigate the constitution of the silicates

more thoroughly is referred to my work on the Radical Theory, where

the subject is treated fully, and this theory and its results are con-

trasted with the prevailing theories and the consequences which flow

from them.
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Chloride of Silicon.

Formula, SiCl; Equivalent, 42*5; Specific gravity of gas, 85;
Atomic measure, ^ volume

; Systematic name, Sila chlora.

When silica is heated in a current of chlorine gas it produces
chloride of silicon, which can be prepared more economically by the fol-

lowing indirect process. Prepare finely-divided silica by decomposing
silicate of potash with an acid. Mix this silica with an equal weight oif

lamp-black, and with the help of some oil make it up into little balls.

Roll these balls in charcoal powder, and heat them to redness in a closed

crucible. Arrange the apparatus represented in
fig. 534. The flask

534.

on the left hand is for the preparation of chlorine gas, the Woulff's

three-necked wash-bottle is to purify that gas, and the U-tube is to

contain materials for dryincj it. See page 664. The tube })laced in

the long furnace is to be filled with the porous balls spoken of above.

The U-tube on the right hand is to be placed in a good freezing mix-

ture, and is to have a descending branch, as shown in the figure, for the

purpose of delivering the condensed distillate into a bottle placed below in

a separate freezing mixture for its reception. The liquor thus procured
is chloride of silicon. There is a simultaneous production of carbonic

oxide, which ])asses away from the extreme end of the last U-tube.

Theory.
—Chlorine alone v/ill not decompose silica at any temperature ;

neither will carbon; but chlorine and carbon acting together easily

decompose it :
—

SiSiO -f Cl^ -f C = 2 SiCl -f CO.

Properties.
—A transparent colourless liquid possessing an irritating

acid odour. Very volatile ; faming in the air. Decomposable by water,

which produces hydrochloric acid and hydrated silicic acid :
—
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SiCl + HHO = HCl + HSiO.

If potassium is heated in the vapour of SiCl, silicon is set free, and

chloride of potiissium is produced. According to Berzelius, this is one

of the best methods of procuring silicon.

Fluoride of Silicon.—Formula, SiF
; Equivalent, 26 ; Specific

gravity of gas, 5
2

;
Atomic jneasure, ^ volume

; Systematic name, Sila

fluora.

Mix intimately equal parts of fluorspar and pounded glass or ground
flint. Put a quantity of this mixture into a gas-bottle with as much

strong oil of vitriol as will produce a thin paste. The mixture must be

stirred or well shaken. It swells considerably during the subsequent

action, so that a capacious flask is necessary. A partial disengagement
of gas takes place immediately, but after some time a gentle heat must

be applied to promote the action. The gas thus prepared is fluoride of

silicon, SiF. It dissolves and is decomposed so readily in water that it

must be collected over mercury, and the vessels to contain it must all

be thoroughly dried. It is transparent and colourless, but it gives thick

white fumes in moist air. It is very dense, its specific gravity being 52.

It is, consequently, 3^ times heavier than oxygen gas. Its chief use is

in preparing the following acid.

Hydrofluosilicic Acid = H Si^F^ = HF + 2SiF.—When gaseous

fluoride of silicon is passed into water, one-third of it is decomposed,
and the remaining two-thirds combine with part of the products of the

decomposition, as represented in the following equation :
—

Fluoride of silicon 3SiF) _ IHSi*F^ Hydrofluosihcic acid.

Water HHO) (HSiO Hydrated silicic acid.

The hydrofluosilicic acid dissolves in the water. The silicic acid, in

a gelatinous form, separates from the solution. This process may be

followed either to procure the hydrofluosilicic acid to use as a test, or as

a method of preparing soluble silica. I shall describe several forms of

apparatus which may be used, according to the quantity of materials

operated upon at one time.

I. A small quantity of the acid may be prepared by means of the

tube apparatus, fig. 303, in page 301. The materials to produce the

fluoride of silicon are to be put into the retort a, the joint at d is to be

made tight, and as much mercury is to be put into the receiver at c as

barely closes the passage. As the gas passes into the branch b, it may
be examined, that is to say, its fuming properties may be seen and its

action on litmus paper may be tested. The branch h is then to be

nearly filled with water, upon which the gas, as it rises through the

mercury, will be converted into the hydrofluosilicic acid, under a visible

deposition of gelatinous silica.
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2. The apparatus, fig. 535, serves for the preparation of a quantity
of this acid. It is a combination of instruments very useful in many

cases where a gas is to be passed into

a Hquor. d is the gas-bottle in which
the gas is prepared ;

e the gas-delivery
tube passing into the liquor. In the

present case, however, the tube passes
into a stratum of mercury placed below

the liquor, in order to prevent the stop-

page of the tube by deposited silica,

which is almost sure to occur if the

tube dips into the water. 6 is a

tripod support for the bottle, having
a shelf to support the spirit-lamp ;

c is

a screen of zinc which can be shifted

round the apparatus to cut off drafts of

air from the lamp ; a a are a series of

blocks of wood by which the jar/" can be adjusted to any level rendered

necessary by the length of the tube e.

3. The apparatus represented by fig. 536 is adapted for use when a

large quantity of silica or of hydrofluosilicic acid is required. It is the

same in principle as the apparatus last described. The only addition is

the safety-tube h. This is added to prevent an explosion in the event

of the possible obstruction of the gas-delivery tube. This might hap];)en

by the gradual accumulation of moisture in the tube and the deposition
of silica arising from that accident.

In such a case the acid in the safety-

tube would blow out and allow the

gas to escape by the funnel.

The silica deposited in this operation
has a very cmious appearance. It

often forms worm-like tubes of silica,

rising up through the water. These

must b5 broken down by a glass rod,

otherwise part of the gas will escape

through them into the air. When
the operation is ended, the liquor may
be filtered through a clean linen cloth,

and be squeezed from the silica. The

latter cannot be washed, because in

this condition silica is easily soluble in

water. The silica can be afterwards

purified by ignition and subsequent

washing.
The hydrofluosilicic acid cannot be separated from water. Evapora-

536.
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tion does not concentrate but decomposes it. The aqueous solution has

a strong acid taste and reddens blue litmus. It does not corrode glass
like hydrofluoric acid, and it may, therefore, be preserved in closed glass
bottles. It gradually evaporates at about 104° F., leaving no residue

;

but if the evaporation takes place in a glass capsule the glass becomes
corroded. The reason of this is, that, when exposed to the air, hydro-
fluosiUcic acid suflers decomposition ;

fluoride of silicon volatilises, and
the residue becomes so much richer in hydrofluoric acid that it acquires

power to act on the glass. The acid cannot even be concentrated over

oil of vitriol in the receiver of an air-pump. It forms salts called silico-

fluorides, constituted according to the formula given below.

SiLicoFLUOTiiDES = MF 4 2SiF = MSi^F^—If, to a quantity of

hydrofluosilicic acid, you add an excess of a base, such as potash, you
decompose the acid, producing a metallic fluoride and separating silica.

But if you add only as much of the base as saturates the hydrofluoric

acid, you produce a silicofluoride, having the composition stated above,
in which the fluorine of the silicon is twice as much as the fluorine of

the metal.

First Case, Production of Fluorides.

Hydrofluosilicic acid HSi^F^j [3KF Fluoride of potassium, 3 atoms.

Caustic potash, I ^ttz-v? =^ zHSiO Silicic acid, 2 atoms.

3 atoms.
I 3^^^) [hHO Water.

Second Case, Production of Silicofluorides.

HSiT^ _ KSi'F' Silicofluoride of potassium.
KHO ~ HHO Water,

Most of the silicofluorides are soluble in water, though some of them

less readily than others. Thus silicofluoride of potassium and silico-

fluoride of sodium form transparent gelatinous precipitates, and silico-

fluoride of barium forms a white crystalline precipitate. In consequence
of this property, this acid is used to precipitate potash from such salts

as the chlorate and chromate, in order to isolate the chloric and chromic

acids. The silicofluorides are all decomposable by heat : the fluoride of

silicon volatilises, and metallic fluorides remain. Their solutions redden

litmus, and generally possess a bitter acid taste. The silicofluorides

effervesce with oil of vitriol, and disengage fluoride of silicon. Those

containing calcium and barium, if heated with oil of vitriol at above

212° F., disengage hydrofluoric acid. When silicofluorides are ignited
with metallic potassium, many of them produce /ree silicon and fluoride

of potassium ;
while the metallic fluoride that formed part of the

decomposed silicofluoride, in some cases remains undecomposed, and

in others gives up its fluorine to another portion of potassium.
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CHROMIUM.

20. The Chromous Radical = Qv. Fquivalent, 27.
21. The Chromic Radical = Crc. Equivalent, 18.

The distinction between these two radicals is, that the chromous
radical acts as an acid radical, and the chromic radical as a basic radical.

Each of these radicals is readily changeable into the other by a proper

arrangement of circumstances. Chromimn, as an acid radical in a

gaseous salt, has no atomic measure, and no condensing power on other

radicals.

Occurrence in Nature.—The salts of chromium, that are used in the

arts, are prepared from a mineral which is called Chrome Iron Ore, the

composition of which is represented by the following formula :
—

CrcTeO* = Crc,CrcO + CrcFeO.

The chrome iron ore never occurs pure in nature, the chromic radical

being subject to replacement by the aluminic radical, and the ferrous

radical by magnesia. The proportions of the ingredients, however,
answer in all cases to the formula Rc^R'O^

;
so that this mineral agrees

in its habitudes towards vicarious radicals with the silicates. Tht

following are examples of such replacements, as demonstrated b)

analyses :
—

(Crc^^Alc^ ) (Fe«Mg^)0^« =
(Crc + Alc^^Fe + Mg)'^0*«

(Crc^«Alc'=*) (Fe^Mg«)0^ = (Crc + Alc/XFe + Mgy^'O^.

Both of these formulae are equivalent to the formula

(Crc 4- Alc)XFe + Mg)»0*,

and they show that the chromic and aluminic atoms are equivalent tt

each other, while magnesia is equivalent to the ferrous atom.

Other minerals which contain chromium do not occur in sufficien

abundance to be used economically. The principal are these :
—

Bed Lead Ore = PbCrO*, which is a neutral chromate of lead.

Phonikochroite = 3PbCrO^ -}- P¥CrO^, a compound of three atoms

neutral chromate of lead with one atom of terbasic chromate of lead.

Vauquelinite
- 3PbCrO^ + Cuc'^PbjCrO^ containing three atoms

neutral chromate of lead with one atom of a terbasic chromate, whicl

includes both copper and lead. Many other minerals contain chromiuD

in small quantity as colouring matter. It is so found in serpentine an(

in the emerald and the ruby.
Metallic Chromium is very little known, if at all. When the oxide i

heated with charcoal for several hours at the highest heat of a wind

furnace, a porous mass is procured, which is only imperfectly fused, ani

presents some hard, metallic, brilliant, brittle points, which are probabl

a carbide of chromium = C -j- nCr. Another kind of chromium i
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obtained when dry ammoniacal gas is passed over ignited chloride of
chromium. This product is a chocolate-brown powder. But this and
other recorded reductions of chromic compounds do not show the

production and properties of metallic chromium conclusively. Perhaps,
metallic Cr and Crc have different properties.

Chromous Salts.

These contain the radical Cr =
27, which acts as an acid radical.

Chromic Anhydride = Cr,Cl•0^
Chromic Acid = H,CrO*.

In the present case, as often elsewhere, in explaining my views of the

constitution of radicals and of salts, I am greatly hampered by the existing

nomenclature, which conveys ideas quite the contrary to what are

desirable, and yet cannot be avoided. The chromic atom Crc, is

unquestionably the equivalent of the ferric atom Fee; the chromous
atom Cr is not the equivalent of the ferrous atom Fe, but of the sulphuric
atom S

;
for the chromic acid HCiO^ is the equivalent of the sulphuric

acid HSO*. In the acid HCrO* we have the chromous radical, but we
have, and we must at present use, the name of chromic acid, and thus the

thing and the name come to be in direct opposition to one another.

The difficulty would be overcome by changing the name of the acid

according to the principles of the nomenclature proposed in this work ;

but as I have already said, I am forced to use the existing nomenclature,
however troublesome and defective.

Properties of the Anhydrous Acid = Cr,CrO^ — Bright crimson-

coloured crystals, sometimes fibrous. Fusible at about 400° F. to a

dark-red liquor. Without odour. Taste acid and bitter. Stains the

skin yellow, removable by alcali. The crystals deliquesce in the air,

and readily dissolve in water, producing when concentrated a dark-red,

and when dilute a bright-yellow colour. The chromic acid combines

with oxides to form chromates.

When strongly heated, the anhydride becomes incandescent, gives off

oxygen gas, and is converted into chromic oxide. Thus :
—

2CrCrO' = 3CrcCrcO -f 0^

In consequence of this ready convertibility of Cr into Crc, and there-

fore of chromic acid into chromic oxide, under disengagement of half its

oxygen, this compound is much used as an oxidising agent.

Hydrated Chromic Acid = H,CrO^— When the crystals of the

anhydrous acid are dissolved in water, the solution may be assumed to

contain this hydrate, for—
Cr.CrO" + HHO = HCrO* -f HCrO^

The acid is, like some of the salts of ammonium, not known in the
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isolated or solid state, but its solution behaves precisely as if the salt

HCrO* was present in it, combining with hydrated oxides to form

chroraates under separation of an equivalent of water. Thus :
—

HCrO* -f KHO = KCrO' + HHO.
I have no hesitation, therefore, in assuming that the aqueous solution of

the chromic anhydride contains the chromate of hydrogen or hydrated
chromic acid.

Preparation of Chromic Anhydride,
—

Prepare a hot saturated solution

of bichromate of potash, and let it cool. Pour two measures of the

cold solution into three measures of concentrated oil of vitriol, of sp. gr.

I
•

84, stirring the acid actively, while the solution is being added.

Place the porcelain capsule on a straw support, and immediately cover

it with a piece of board made to fit it as close as possible. At the end

of three hours, a quantity of dark crimson-coloured crystals will be

observed in the solution. These are chromic acid. Pour off the red

liquor, and put out the crystals with a spatula on a tile or flat piece oi

absorbent pottery. Cover them with a glass jar, and put sand round

the mouth to keep ofi' the air. In two days the crystals will be dry.

They contain a little sulphuric acid, which may be separated by solution

in very little water, and crystallisation over oil of vitriol in an exhausted

receiver. The red residual liquor gives off oxygen gas when boiled.

Experiments Illustrating the Properties of Chromic Anhydiide, aftei

Bottger.

1. Reduction of Chromic Add.—It has commonly been considerec

that chromic acid dissolves in alcohol, producing a solution which is

decomposed both by light and heat. According to my observations.

alcohol is decomjwsed instantaneously by dry chromic add, frequently undei

a considerable disengagement of light and heat.

2. If, for axample, dry chromic acid is thrown into absolute alcohol

the acid becomes ignited and suffers deoxidation. The liberated oxyger
combines with the alcohol, and produces that highly odorous solutior

of aldehyde, which commonly bears the name of lam pic acid.

3. If about a teaspoonful of dry chromic acid is placed in a porcelair

capsule and moistened with a few drops of absolute alcohol, the lattei

immediately inflames, while the reduced portion of the chromic acit

continues for some time in a state of ignition.

4. If absolute alcohol is mixed with a little sulphide of carbon, w<

obtain a mixture which bursts into flame on the addition of even thi

smallest portion of dry chromic acid ; yet sulphide of carbon by itself i

not in the least degree affected by dry chromic acid.

5.
If a white glass bottle of the capacity af twenty ounces of water i;

filled with alcohol vapour mixed with atmospheric air, and a sma]

quantity of dry chromic acid is thrown into it, the almost immediai
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result is an explosion. No danger attends this experiment, if the bottle

is left open when the acid is put into it.

6. As soon as the explosion referred to in the last experiment has

occurred, a few drops of absolute alcohol are to be poured into the

bottle as quickly as possible, a little more dry chromic acid is to be

added, and the bottle is to be closed. The atmospheric air in the bottle

having been expelled by the previous explosion, the mutual decomposi-
tion of the chromic acid and the alcohol now proceeds quietly, yet in a

manner highly interesting. If, for example, the experiment is made in

a darkened chamber, then the chromic acid produced in the operation
in a state of fine division, is observed to circulate about the glass,

perfectly red-hot, for a long time. The most striking thing connected

with this part of the experiment is, that every little atom, like a brilliant

meteor, turns with inconceivable rapidity about its axis, swimming roimd

about in the newly-produced aldehyde atmosphere, and continuing in

this state of strong ignition, as long as the least trace of undecomposed
alcohol remains within the vessel. On many occasions these extremely

interesting phenomena are perfectly visible even in daylight, and some-

times continue for nearly ten minutes.

7. If a current of dry ammonia gas is thrown upon crystallised

chromic acid, combustion occurs, and the chromic acid is reduced to

chromic oxide.

8. Fit a glass spirit-lamp with a thick wick of asbestus instead of

cotton. Fill the lamp with common alcohol, or with alcohol mixed

with sulphide of carbon. Cut the wick square across, at a quarter of

an inch above the wick-holder, spread it out into a brush, and moisten

it with a kw drops of absolute alcohol, and put upon it a small quantity
of anhydrous crystallised chromic acid. The alcohol immediately bursts

into flame, and the chromic acid becomes white-hot and is reduced to

green oxide of chromium. Blow out the alcohol flame. The oxide of

chromium then continues to burn at a red heat, and the combustion of

the alcohol is kept up precisely as if spongy platinum were employed.
Chromates.—Detection. Page 96.
The neutral chromates of alcalies and earths are yellow ;

the bichro-

mates are red, and communicate these colours to their solutions in

water. The insoluble chromates of the heavy metals possess yellow,

red, or other brilliant colours. When heated with oil of vitriol, they

disengage oxygen gas ;
with hydrochloric acid, they disengage chlorine

gas : in both cases producing green solutions. These decompositions
deserve special attention, and I will state them in equations :

—

a). With Oil of Vitriol they disengage Oxygen Gas.

2K,CrO*) _ f2K,S0^

5H,S0«|
~

^3Crc,S0*
U^HHO-j-iiO.



712 CHROMIUM.

The two atoms of Cr produce three atoms of Crc, and having then

become basic, they need three times SO^ to neutrahse them. Five

atoms of HSO^ give off 5H, which take np 2-|0 to form water, and set

liO at hberty. An additional quantity of IISO^ would not take up
this free oxygen.

b). With Hydrochloric Acid they give off Chlorine Gas.

2K,CrO«) _ f2KCl
8HCI [

~
{ 3CrcCl

I4HHO + 3CI.

This differs from example a), by showing the disengagement of chlorine

instead of oxygen. This difference results from that play of affinities

which enables nascent oxygen to take hydrogen from hydrochloric acid.

In both examples, two atoms of acid chromium are converted into three

atoms of basic chromium.

When heated with chloride of sodium and oil of vitriol together, the

chromates give off oxychloride of chromium in bright red vapours. See

page 713. All the chromates are soluble in nitric acid.

Precipitates produced by Solutions of Chromates :
—

Pale Yellow Barium. Tin, stannous salt.

Bright Yellow .... Lead. Bismuth.

Orange Mercuric salts.

Brick-Red Mercurous salts.

Brown-Ked Silver. Copper.

CorvStitution of the Chromates. The normal chromates agree with

the formula MCrO*. They make many compound salts, but none that

agree with the acid bisulphates, namely, such as have the formula

MCrO^ -f- HCiO*. But they have the peculiarity of producing salts

which are compounds of neutral chromates with chromic anhydride, of

which salts the following series contains examples :
—

KCrO* + CrCrO^. Anhydrous terchromate of potash. FoiTns dark-

red crystals.

2KC1O* 4- CrCrO'. Anhydrous bichromate of potash. The usual

red salt of commerce.

PbCrO' -f Pb^CrO^ Anhydrous dichromate of lead. Beautiful

scarlet crystals.

KCl -{- CrCrO'. A compound of chromic anhydride with chloride

of potassium. Orange-coloured crystals.

Crc^CrO^ = CrcCrO^ -f Crc,Crc6. This is a tribasic chromate, in

which the three basic radicals are Crc, and the acid radical is Cr. This

is the brown oxide of chromium, or the chromate of chromic oxide.

KCrO^ -f- MgCrO* -f HHO. A double chromate of potash and

magnesia. A similar salt occurs with lime instead of magnesia.
AmCrO^ + 5HC1O* -\- 2^Aq. A very acid chromate of ammonia, ii

which we have the hydrated chromic acid HCrO* in great excess.
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Neutral Chromate of Potash. KCrO'.—Beautiful yellow crystals
of the form of sulphate of potash, easily soluble in water, giving a yel-
low solution, possessed of extraordinary colouring properties.

Bichromate of Potash. KCrO' + KCrO^ + CrCrO^.—Forms

large easily fusible crystals, distinguished by a splendid red colour,
which it communicates to its aqueous solution.—Bichromate is obtained

by adding nitric acid to the solution of the neutral salt, and crystallising
the mixture.—Neutral chromate can be prepared by adding caustic pot-
ash to the bichromate. The neutral chromate does not crystallise so

readily as the bichromate.

Bichromate of potash is used in dyeing, in which, with salts of lead, it

produces most beautiful yellow and red colours. It is also the material

employed to produce all other compounds of chromium, several of which

are employed as pigments. Some of the precipitates given by a solu-

tion of chromate of potash are noticed at page 712.
Chrome Yellow.—This pigment is the chromate of lead = PbCrO*.

The beautiful red dichromate of lead, noticed above, is obtained by fusing
an atom of the neutral chromate of lead with an atom of saltpetre.

The chromates of silver, mercury, barytes, &c., require no particular
notice. They are prepared by precipitation, and possess the general

properties of chromates, and the properties of the particular bases. See

their colours, page 712.
Ckromous Chloride = CrCl = Chromous chlora.—Produced by the

action of pure dry hydrogen at a red heat, on chromic chloride, CrcCl.

3CrcCl -f H = CrCl + CrCl -f- HCl.

It is a white substance, which forms a blue solution in water, and is

rapidly decomposed by absorption of oxygen.

OxYCHLORn)E OF CHROMIUM.

Formula, ClCrO ; Equivalent, 78*5; Specific gravity of gas, 78*5;
Atomic measure, i volume, which is the measure of the chlorine, the

chromium and oxygen having no measure; Systematic name, Chlora

chromousate. [If formulated CrClO = Chromous chlorate.]

Preparation.
—Melt 10 parts of chloride of sodium with 16*9 parts

of neutral chromate of potash in a Hessian crucible. Pour out the

mass. Break it into coarse pieces, and put them into a large tubulated

retort, and apply a receiver. Add 30 parts of fuming, or of very con-

centrated sulphuric acid. The distillation commences immediately,
without the application of heat. The oxychloride of chromium must be

collected in a receiver effectively cooled by water. A little heat must
be applied near the end of the distillation.

Theory :
—

NaCl + KCrO*) _ JClCrO -f HHO
HSO» 4. HSO*f

-
\NaSO* + KSO«.

3 A
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Properties.—A splendid blood-red liquor, of sp. gr. 1*71, very vola-
tile and fuming. At about 250^ F. it forms an orange- coloured gas.
If poured into water it produces hydrochloric acid and chromic acid:—

ClCrO + HHO = HCl -f HCrO^

Phosphorus put into it occasions a fiery explosion. Sublimed sulphur
moistened with it takes fire. Put a little of it into a V-tnbe, and pass
dried ammonia gas over it : the mixed vapours take fire. When mixed
with oil of turpentine, or with absolute alcohol, it inflames.

Ter-Fluoride of Chromium. = CrF^, or CrF* -f- F.—Distil in a pla-
tinum retort a mixture of 4 parts of chromate of lead, 3 of fluorspar,
and 8 of oil of vitriol. The products are sulphates of leacl and lime and
fluoi'ide of chromium. The latter is a deep-red vapour, which con-

denses to a blood-red liquor.

Theory :
—

PbCrO* + 3CaF] •_ J 3CaS02 + PbSO^
+ 4HS0^ [

-
I CrF^ + 2HHO.

The ter-fluoride of chromium is instantly decomposed by water, producing
chromic anhydride and hydrofluoric acid :

—
2CrF^ + 3HHO = CrCrO=' -f 6HF.

Chromic Salts.

These contain the radical Crc = 18, acting as a basic radical. M
Chrome Iron Ore = Crc^FeO^. Chrominic ferrousete.

—This is the

mineral from which all the salts of chromium are prepared, by the fol-

lowing process :
—The chrome iron-stone is reduced to the finest possible

powder, mixed with three times its weight of carbonate and nitrate of

potash, and exposed in a crucible to the heat of a reverberatory furnace.

The mixture should be frequently stirred to facilitate its oxidation.

After a sufficient fuvsion, the mass is dissolved in water, the yellow solu-

tion is filtered, and mixed with nitric acid, which precipitates silica,

from which it is filtered. The liquor on evaporation yields crystals of

bichromate of potash, which are purified by re-crystallisation. All the

other salts of chromium are prepared from the bichromate of potash.
Chromic Oxide. Green Oxide of Chromium. Sesquioo:ide of Chro-

mium = Crc,CrcO. Equivalent^ 52.
—An insoluble, infusible, bright

green pow^der, nearly insoluble in acids after ignition, and very difl^icul

of reduction. It is used to paint emerald green on porcelain, and 1

give the same colour .to glass.

Hydrate of Oxide of Chromium. H,CrcO.—A dull bluish-greei

powder. At a red heat it loses its water, and is changed into tlie anhy-

drous green oxide.

HCrcO + HCrcO = CrcCrcO -f HHO.
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Preparation,
— i. Ignite chromate of mercury in a small porcelain

crucible over the spirit-lamp. Anhydrous green oxide of chromium
CrcCrcO remains. 2. Make a solution of chromate of potash in a tube,
add a little hydrochloric acid and alcohol, and boil the mixture. The

original yellow solution becomes green. Add caustic ammonia, which

gives a precipitate of green hydrate of chromium HCrcO. Bring it on
a filter, and wash it thoroughly with water. 3. Expose 100 grains of
bichromate of ammonia on a flat porcelain capsule to the heat of a small

spirit-lamp. In a few minutes the whole is decomposed by a violent

reaction, accompanied by vivid combustion, and pure oxide of chromium
is produced in large films resembling tea-leaves.

A Volcano.—Take 48 parts of fine gun]X)wder, 240 parts of

bichromate of potash, and 5 parts of sal ammoniac, all in dust-

dry fine powder. Mix well and sift through a fine sieve. Fill

with the dry mixture a conical but not very tall glass. Press

a piece of tin-plate on the top, invert the whole, and remove the

glass, leaving the powder in the form of a cone. Apply to the

summit a piece of lighted tinder, upon which the mixture will 537*

take fire, and burn slowly and quietly to the bottom. Collect and

wash the residue, which will consist of very fine bright green anhy-
drous oxide of chromium.—Bottger.

Salts of Chromic Oxide. Detection. Page 91.

They are generally gi-een, but their solutions have sometimes an ame-

thyst colour. The examination before the blowpipe of the gi'een pre-

cipitate produced in their solutions by alcalies leads to certain detection.

Conversion of Chromic Oxide into Chromic Acid.—Ignite a mixture

of chlorate of potash and chromic oxide in a tube of hard glass. Oxy-

gen and chlorine are given off", and chromate of potash may be extracted

from the residue by solution in water, filtration, and crystalUsation.

Theory :
—

3CrcCrcO \ _ J4KCrO^
4KCIO' J

~
170 + 4CI.

deduction of Chromic Acid, as existing in the Chromates, to Chromic

Oxide.

Chrome Alum.—Set up the apparatus described, fig. 455, page 595.
Put a solution of bichromate of potash into the V-^^^e, and pass sul-

phurous acid through it till the solution becomes green. Add sulphuric

acid to this liquor till effervescence is occasioned. The spontaneous

evaporation of this liquor produces octahedral crystiils of chrome alum.

The constitution of chrome alum is represented by the folloAving.

formula :'
—

KSO*-f- 3CrcS0^-f i2Aq.

Chloride of Chromium = Formula, CrcCl ; Equivalent, 53*5-
Chromic chlora.—Dissolve hydrated chromic oxide in hydrochloric

acid
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HCrcO -f HCl = CrcCl + HHO. Let the acid be completely neutral-

ised. Evaporate the solution to dryness. The product is a green

mass, which remains so at 212° F. But if it is heated more strongly, it

swells up, loses water, and is converted into a peach-blossom coloured

chloride, which is nearly but not quite anhydrous.
The strictly anhydrous chromic chlora is produced by passing dry

chlorine gas over a red-hot mixture of charcoal and chromic oxide. It

forms violet scales. This salt is not soluble in water, but it c^n be made
soluble by a slight admixture of chromous chlora. When the chromic

chloride is calcined in the air it gives a beautiful variety of the green
chromic oxide.

The following formulee represent other varieties of chromic salts, the

descriptions of which I am forced to omit for want of space :
—

The Sulphide = CrcS.

The Sulphate = CrcSO^
The Nitrate = CrcNO^ + Aq^
Double Oxalate = AmCO* + CrcCO' + Aq. Blue salt.

Quadruple Oxalate = AmCO' + 3(CrcC0'') -f Aq*. lied salt

The descriptions usually given in books of the composition of the

oxides, hydrates, chlorides, and other salts of chromium, are often very
confused. This arises from the circumstances that there has not been

a due appreciation of the fact that the function of Cr is to act as an acid

radical, and that of Crc to act as a basic radical. Chemists frequently
describe the properties of the salts of protoxide of chromium, meaning

thereby the salts which contain Cr as a basic radical
;
but it is doubtfiil

whether any such salts exist, except in the case of the chloride.

Molybdenum.

22. The Molybdous Radical =Mo. Equivalent, 48.

23. The Molybdic Radical = Moc. Equivalent, 16.

The ores which chiefly yield molybdenum are the bisulphide of mo-

lybdenum and the molybdate of lead, both of which are named below.

Neither of them are abundant, nor is the metal, nor any of its com-

pounds, of any great importance at present. The use of molybdate oi

ammonia, as a test for phosphoric acid (see page 94), is the chief of their

applications.
The metal is silver white, with a strong metallic lustre, sp. gr. 7

*

5

extremely difficult of fusion, brittle, and hard. When fused with nitrt

it produces molybdate of potash.

Molybdous Salts.

Molybdic Acid.—The anhydride is Mo,MoO^ This is not soluble

in 500 parts of water, and we do not know the hydrated acid, eithei
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solid or in solution. The formula of the salts is MMoO*, in which M
represents any basic radical. Examples :—

Na,MoO* Molybdate of soda.

NHSMoO^ Molybdate of ammonia.

Pb,MoO* Molybdate of lead {the ore).

< > TT Vr
ryii

> Acid molybdate ot ammonia.

I ^h'm°0*i ^1^6 ^^olybdate of molybdenum.

Preparation of Molyldic Add.—Roast the bisulphide of molybdenum
at a low red heat with free access of air. The sulphur is driven off and

the metal oxidised. Liquid ammonia then dissolves it, leaving oxide of

iron and other mineral impurities, and producing a solution of Molyb-
date of ammonia. When this is evaporated, and the residue is calcined,

the anhydride Mo,MoO^ is obtained. When this substance is fused

with alcaline hydrates or carbonates, molybdates are produced.
Bisulphide of Molybdenum = MoS*.—The native sulphide of

molybdenum, a mineral which has much the appearance of graphite,

but with a paler blue colour.

Quadrisulphide of Molybdenum = MoS*.

Chloride of Molybdenum = MoCl.

Oxychloride of Molybdenum - ClMoO.—Sublimes in yellow scales.

MoLYBDic Salts.

These salts are very little known. The radical appears to be basic.

I have noticed one of its salts above. Another seems to be Moc^MoO*,

usually called the deutoxide. The Tersulphide is = MocS. The sul-

phate is MocSO*. It seems probable that the habitudes of the two

radicals of molybdenum resemble those of the two radicals of chromium.

The molybdous radical Mo is under all circumstances an acid radical,

and the molybdic radical is as constantly a basic radical. If this hypo-
thesis is found, on closer examination, to express the truth, it will

introduce a new principle by which to discriminate, to separate, and to

arrangre the radicals and salts of the metallic acids.

VANADIUM.

24. The Vanadous Radical = V. Equivalent , 68*4.

25. The Vanadic Radical = Vc. Equivalent, 22*8.

At present this element is only a chemical curiosity. Its most

abundant ore is the vanadiate of lead = Pb,VO*. Before the blowpipe
the vanadiates fuse with borax into a bead, which is green in the
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reducing flame and yellow in the oxidating flame. When boiled with

sulphuric acid, and any vinylate, such as sugar or alcohol, they give a

blue solution, by which they are distinguished from the chromates,

which, under these circumstances, give a green solution. The acid

vanadiate of ammonia, mixed with tincture of galls, gives a black

liquor of intense colour, which is not destroyed by acids, alcalies, or

chlorine. If Vanadium could be discovered in quantity, this black

liquor would be universally adopted as writing-ink^ since it very far

exceeds in all the good qualities of an ink the liquids that are most in

use in that capacity. This is an example of an insignificant element

which some day may suddenly become an article of great utility in arts

and commerce.

26. TUNGSTENUM.

Formula, W; Equivalent, 92.

This element occurs in two minerals, the Tungstate of Lime, and the

Tungstate of Iron and Manganese ;
the former long known by the name

of Scheelite, and the latter by the name of Wolfram. The symbol for

this element, W, is derived from the word Wolfram.

TuNGSTENUM, in the fused state, is steel-grey, lustrous, very hard,

brittle, and extremely heavy. Its sp. gr. is 1 7
•
6. It is exceedingly

diflScult of fusion. It is commonly obtained in the form of iron-grey

powder. When heated in the air, treated with nitric acid, or fused

with nitre or alcalies, it produces tungstic acid.

TuNGSTic Acid.

The Anhydride = W,WO^ The Hijdrate = H,WO^
The Tungstates = M,WO*.

Preparation of Tungstic Acid from Wolfram.
—The composition of

the mineral Wolfram, supposing it to be free from vicarious radicals

and other mineral impurities, is represented by the following for-

mula :—MnWO^ + 3FeWO^ = MnFe^V^O^. The preparation of

tungstic acid from this salt consists of operations for dissolving and

removing manganese and iron, and leaving the tungstic acid undis-

solved. The wolfram is very finely pounded, and is digested for a

long time with pretty strong hydrochloric acid. The mixture is fre-

quently shaken, fresh acid is supplied from time to time, and towards

the end of the digestion a little nitric acid is added, to convert the

ferrous radicals into ferric radicals, and insure their solution by the

aqua regia produced in the mixture. The digestion is continued until

the greater part of the bi^own powdered mineiul becomes yellow. The



TUNGSTATES. 719

acid is then poured off, and the powder is well washed, after which
it is shaken up with liquid ammonia, which dissolves out the tungstic
acid and leaves undissolved the silica, the undecomposed wolfram, and
other impurities. When the ammoniacal solution is evaporated and

crystallised, it produces acid tungstate of ammonia, the formula of the

crystals of which is NH*,VVO* + H,WO*. When these crystals are

heated to redness, they give ammonia, water, and the wolframic

anhydride;
—

NHSWO^ + H,WO^ = W,WO^ + NH^H + HHO.

TuNGSTATES.— Tungstic acid is a beautiful straw-yellow coloured

powder, tasteless, and insoluble in water, but readily soluble in alcaline

solutions, with which it produces tungstates = M,WO*. These are

mostly without colour. Those of K, Na, L, Mg, and NH*, are soluble

in water. All others are insoluble. The solutions are disagreeably
bitter. They are decomposed by sulphuric, hydrochloric, and nitric

acids, which precipitate the tungstic acid, under a form of hydration or

of combination, which is not yet properly understood.

Tungstate of Lime. Scheelite. CaWO^—When this salt is boiled

with hydrochloric acid, the Hme is abstracted, and tungstic acid is set

free :
—'

CaWO^ + HCl = CaCl + HWO^

The following secondary reaction produces the anhydrous acid :
—

HWO* + HWO« = W,WO« + HHO.

It will very probably be hereafter discovered that tungstenura, like

the preceding elements, produces two chemical radicals, a tungstous,

or acid radical, and a tungstic, or basic radical.

Incombustible Dresses for Ladies.—The Tungstate of Soda has

recently been recommended by MM. Versmann and Oppenheim as the

best material for rendering light fabrics, such as curtains and ladies'

muslin dresses, incapable of burning with flame. The process is as

follows :
—A concentrated solution of neutral tungstate of soda is diluted

with water to the specific gravity of 28° Twaddell's hydrometer, and is

then mixed with 3 per cent, of phosphate of soda. Into this hquid
the washed muslins are dipped, and then dried. It is neither injurious

to the colour nor the texture of the fabrics. The iron passes over the

material as smoothly as if no such preparation had taken place. The

solution increases the stiffness of the fabric, and its protecting power

against fire is perfect.
A cheaper material than the tungstate of soda can be employed in

cases where ironing of the fabrics is not required. This is sulphate of

ammonia, which can be applied in the large way to the finest nmslins

without injury to their colour, texture, or elasticity. This cheaper salt
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cannot be used in the domestic laundry, because it will not bear the pro-
cess of ironing.

MM. Versmann and Oppenheim have taken out a patent for the use

of these substances. See their pamphlet on ''''The Comparative Value oj

certain Salts for rendering Fabrics Non-infiammahle" These chemists

have examined the powers of the borates, phosphates, and other salts

previously recommended for this purpose, and found them all to be

greatly inferior to those of the two salts named above.

27. TITANIUM.

Formula^ Tv; Equivalent, 12.

A rare element, found in the following minerals :
—

Titaniferous iron,

the formula of which appears to be Fe*Ti*0^, but which is isomorphous
with ferric oxide, FecFecO, and combines with it in all proportions, so

as to produce minerals of the form Fe'^Fec^Ti^O^, where * + ^
-f

^
are

collectively
= *

against O'. The proportions of the vicarious radicals

differ in different minerals greatly. Eutile, Anatase, and Brookite,

These three minerals are all varieties of Titanic acid = Ti,TiO. The,

hydrate of this acid is = H^Ti^O^. The titaniates have an equivalent

formula = M*Ti*0^. They stand, therefore, in the same category as tl

borates and silicates.

Chloride of Titanium = TiCl, forms a gas ; equivalent, 47
*

5 ; specific

gravity, 95 ; atomic measure, ^ volume.—A colourless, fuming, volatile

liquid.

28. TANTALUM = Ta.

29. PELOPIUM = Pe.

30. NIOBIUM = Nb.

These are rare and unimportant elements, of which even the weights of

the equivalents are unknown. They all occur in different varieties of

the mineral called tantalite, or columbite. The reader who may wish to

learn what has been discovered respecting them, is referred to the

papers which have been published by Professor Heinrich Rose, of

Berlin, or to the abstracts of these papers contained in many of the

larger systems of Chemistry.

]^\
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